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Round Form 
Reeorders 
Flush Mounted 


At Same Reduced Cost 
as Wall Mounted Type 








HE design of the new TAG Re- durable”? and **most dependabl 

corder Case is such that it can has been won by unfailing ser 
be produced at a distinct saving for nearly a decade. 
over the old type. Thus you are The same engineers who hai 
offered the same TAG ruggedness — placed such an impressive mark o! 
of construction and reliable per- approval upon TAG Recorder fea 
formance, plus improved appear- — tures—now again enthusiastical 
ance, ata saving in cost to you receive the improved Round For 














Thousands of users (industrial) Case. 

throughout the world attest the If youinsist upon TAG standard 
fact that in the ideal TAG Record- accuracy— you'll be pleased to find 
er mechanism the need for funda- them obiainable now at a distinct 
mental improvement was not dis- saving. Ask tosee one of the recor: 
cernible. The reputation of ‘most ers in the new, handsome cas 


Telecare erere 8 errr 





The Same Old TAG Accuracy and Dependability 
in Round Form Case. Send for Bulletin No. 1977 
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When the Pressure 
Rise Must Stop at 


EXACTLY 105 POUNDS 


—or at any other exact pressure for 
which indicator is set 


TYPE H PRESSURETROL 


PRESSURE REGULATOR 
No. 70 


MINNEAPOLIS 


INDUSTRIAL REGULATORS 


HONEYWELL 


Uniformity of product, increased production, economy of 
plant operation and the protection of costly equipment 
often depend on maintaining air, steam or gas pressures 
within certain definite limits. It is the reason Minneapolis 
Honeywell consultation service is so advantageously used 
in the selection of pressure regulating devices best adapt 
ed to exacting requirements. 

The Minneapolis-Honeywell line includes a wide range of 
regulators of which the following are typical: 

THE PRESSURETROL. A pressure-actuated mechanism oper 
ating a mercury type switch. This instrument is sturdy 
rustproof, accurate and carefully calibrated. It is used, for 
example, with our electrically controlled valves as applied 
to oil and gas fired furnaces; also asa limit control for 
thermostatically regulated heating systems. It is available 
in ranges up to 150 pounds per square inch. 

PRESSURE REGULATOR. No. 70. This mechanism consists 
of a Bourdon Spring and interlinked blade, operating be 
tween two electrical contacts for connection to electric- 
ally operated devices. 

The above are typical of tha precision instruments listed 
in our Industrial Regulator calalog. A copy of this catalog 
should certainly be in your file. The coupon is for your 
convenience in requesting your copy. 


MINNEAPOLIS-HONEYWELL REGULATOR CO. 
2735 Fourth Ave. So., Minneapolis, Minn., Branch Offices 
New York, Philadelphia, Boston, Providence, Detroit, 
Cleveland, Chicago, St. Louis, Milwaukee. Distributors 
Buffalo, Syracuse, Rochester, Pittsburgh, Baltimore, Wash 
ington, Hartford, New Haven, Portiand, Seattle, San 
Francisco, Los Angeles, Denver, Salt Lake City. Canadian 
Offices: Minneapolis-Honeywell Regulator Company, 
Ltd., 123 York Street, Toronto, Ontario, Canada 


MINNEAPOLIS-HONEYWELL REGULATOR CO. 
2735 Fourth Avenue So., Minneapolis, Minn. 


Send 
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where MILLIONS of 


TRUE MEASUREMENTS 


begin 


N Westinghouse-built instruments, micro-accuracy of delicate parts, so 


your millions of true measure- vital to instrument perfection. 


ments begin under the microscope: Today’s fine instruments thet wil 
Thus, the slightest imperfection is continue to make your tomorrow's 
magnified a hundred times to the measurements are being created by a 
progressive engineering staff and pro- 
duced by skilled craftsmen in the in 
The microscope typifies the methods strument manufacturing works of 
employed by Westinghouse to assure Westinghouse at Newark. 


alert eyes of trained inspectors. 


Service, prompt and efficient, by a coast-to-coast chain of well-equipped 


Westinghouse ~ 


When writing to the above companies, please mention INSTRUMENTS 
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| With the 
DY) EO) aw 


System the 
operator can 
actually Feel 
the movement 
of the Distant 
Control 














—~. 


= -$ 
The Fool of the throttle 


at last is made possible 





in remote manual controls 


HEREVER fine adjustments of control mechanisms are 

required for close regulation of variable operating actors, 
brains, judgment, skill, are needed. The seasoned operator! has the 
“feel”’ of just how much to move the control wheel or lever. No 
second-hand instructions—no clumsy mechanical transmission 
can operate distant controls with that skilled touch gut NOW 
the trained operator can operate any distant control device from a 
central point with his own hands. The new De FI lorez System of 


Remote Manual Control makes it possible for di ntrols to 
be manually operated. No mechanical transmission, yet the 
operator can actually feel the movement of the distant mechanism 


Write for new Bulletin No. 7520 


THE BROWN INSTRUMENT COMPANY 
4482 WAYNE AVE., PHILADELPHIA, PA. 


Branches in 20 principal cities 


Brown Instruments 


to measure is to economize ” 


When writing to the chove compeny, please mention | NSTRUMENT 








When writing to the above companies, please mention LNOITRUMENIo 
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Precision Barometer 
Vintentod 


for x X System Fautin 


Stove h toni 





me... 
Accurate Barometric ] 


Control is PRACTICABLE, 


Heretofore, many scientists have approximated barometric 
pressures—because it took too long to compute and correct 
measurements from the mercury column—and ordinary aneroids 
have always been inaccurate .... But now, with the Paulin Bar- 
ometer, the laboratory worker can tell—at one glance—the exact 
pressure. Changes as slight as 5/1000” are recorded instantly. 


Absolute accuracy is attained for the first time! 


FREE BOOK 


explains how the P a UuU l l nN 


Paulin System 


works. Sign below The American Paulin System, Inc., Dept. 
and mail. 1-6, 1206 Maple Ave., Los Angeles, Calif. 
Name Address 


When writing to the above company, please mention INSTRUMENTS 














1s *e* 770 47 


+ 1008 INSTRUMENTS Page 5 








1000 [zetia 
FOXBORO S 


ORIFICE 3840 
DIFFERENTIA enres 


EG. FHT 
SSURE TAPS IN. DOWN STREAM N. UP STREAM 
HART READING X 1000 EQUALS POK Pp 

ag 898103 





Reads Like A Speedometer 


71TH a Foxboro Direct-Reading Steam 

Flow Meter you can know accurately 

the total flow and the rate of flow in your 
steam lines without computation. 





The rate of flow is recorded on the chart. 
The total flow is mechanically computed by 
the integrator, which is as easy to read asa 
speedometer. It reads direct without a 
factor. 

One glance tells you directly what has hap- 
pened and what is happening. 

4 post card will bring you Bulletin A. E. 162. 
It is full of information about the Steam 
Flow Meter and its applications. 


THE FOXBORO COMPANY 


NEPONSET AVENUE, FOXBORO, MASS., U. 5S. A. 
New York Pittsburgh 


Detroit ; Rochester. N. Y 
San Francisco Portland, Ore 
Salt Lake City Tulsa 
Chicago 
Cleveland a Rengenee 


Boston U. S. PAT. OFF Dallas 


Philadelphia THE COMPASS OF INDUSTRY Atlanta 


Instruments for Controlling. Recording and Indicating Temperature, Flow, 
Humidity and Pressure. 
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Now Comes 


MULTIMETER JUNIOR 


Latest Addition to the RAWSON DC Family 





Scale Over 3” Long 


5” x 434” x 214” 
Height over all 3 


Twelve Ranges—1 microampere to 1 ampere (1,000,000 mics) 
20 microvolts to 1000 volts 


Just 3 Binding Posts and 1 Selector Switch 


Specially suitable for covering both minimum and maximum readings on 
separate mounted thermo couples in vacuo 
For High Frequency Work 


RAWSON 
ELECTRICAL INSTRUMENT CO. 


INCORPORATED 1918 
CAMBRIDGE, MASS. 
Branch Offices: 91 Seventh Avenue, New York City 
Mid-western Representative: Earl N. Webber, 
Daily News Bldg., Chicago, III. 


Also Manufacturers of AC or DC Thermal Multimeters, Microammeters 
Milliammeters and Ammeters, Microvoltmeters, Millivoltmeters, and Voltmeters 
Cable Testers, Timers, Earth Current-Meters, Fluxmeters, Thermo 
Junctions, Electrostatic Voltmeters, Wattmeters, etc. 


Write for bulletins. 








When writing to the above company, please mention INSTRUMENTS 
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The 
ENGELHARD| 
PYROMETER| 


Simple in Desig 
and 


Rigid in Construction 


Open View of 
Engelhard Type § 


ME NTS Page > 






Recorder 


Industry today demands dependabil- 
ity and longer life of equipment. 
Thirty years of expert engineering 
knowledge is back of the designing 
and construction of the Englehard Re- 
corder ... and with one objective 
only . . . to make only the best Py- 
rometer to withstand the most severe 
service. 

The driving power which is fur- 
nished by the solenoid, operating 
from lighting circuit, is several times 
greater than necessary. A powerful 
jeweled six or eight day clock times 
the chart and makes intermittent elec- 
trical contact where D.C. is available. 
An electric clock is furnished for A.C. 
operation. 

The thoroughly dead beat moving 
coil has double filament support, with- 
out pivots or hair springs. It is ex- 
tremely rugged and super accurate. 


mas ENGELH. 


233 N.J.R.R. AVE 














Automatic switches are furnished 
on multi-point instruments each con- 
sisting of a small glass bulb contain- 
ing mercury, sealed in platinum elec- 
trodes and are successively tilted by 
the operating solenoid. They elimi- 
nate contact corrosion. 

The Englehard Recorder is fur- 
nished with adjustable platinum irid- 
ium maximum and minimum con- 
tacts. May be had calibrated for use 
with thermo-couples, electric resist- 
ance thermometers, thermal conduc- 
tivity type of gas analyzers, microam- 
meters, millivoltmeters, voltmeters, 
ammeters and as pyheliometers. 

Every Englehard Type S Recorder 
—like all Englehard Instruments is 
precisely made of the finest obtainable 
materials—designed for long service 


under severe conditions and carefully 


= for accuracy. 












NEWARK WN. J. 











Recording and indicating instru- STANDARD New Yor », Be yston, Pitt 

ments, automatic temperature and FOR and Lou R. I 

gas control, pyrometers, gas analyz- 30 YEARS » lacoma W as bh , Jen- 

ets, thermocouples, thermometers. iment Co.. Los Angeles, 
When writing to the above comp é e TRUM 
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Aceuracy and Speed 


with the 


BURGESS-P AARCES 
OXYGEN 
BOMB 









Unsurpassed for determining 
the calorific 'value for fuel 
foods or other combustible 
material. 








CALORIMETER 


ADIABATIC TYPE 
Directly responsible for the recognized precision 
and ease of operation of the Burgess-Parr Calor- 
imeter is the famous Burgess-Parr Ulium Bomb 
which is used in this instrument. 
The Illium Bomb is a solid one piece casting 
which positively withstands corrosive attack. 
Due to its inherent quality of acid resistance the 
weight of the bomb remains unchanged and in 
addition provides for accuracy of corrections for 
the acids produced by combustion. 

For further information write 


BURGESS-PARR COMPANY 


MOLINE, ILLINOIS 


Successor to THE STANDARD CALORIMETER CO., Est. 1899 
iceieiiiatictatnintiiiaimennnemensiaites CARES ME 
When writing to the above company, please mention INSTRUMENTS 
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Issuing from hundreds of institutions of technical 
education, many thousands of engineering students are annually carrying 
into industry and scientific pursuits a logical partiality for Weston elec- 
trical measuring instruments. Weston equipped industries are also partial 
to students with Weston training. It is naturally a reciprocal interest since 


Weston instruments are the accepted scientific standards of the world. 


Weiton Electrical Wes tops mn Makers Of The World's 
Instrument Corp. </ » Highest Standards Of 
591 Frelinghuysen Ave. sm ~ PIONEERS 


lla, mor recone 
Newark, N. J. IN STRUM ENTS ependability. 


When writing to the above company, please mention INSTRUMENTS 
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A 


Measuring Microscope 
—for Quality Control 


AND now Bausch & Lomb presents an 
instrument having many applications 
both in the machine shop and in the 
laboratory. The Shop Microscope is a 
small, portable microscope, carrying its 
own illumination. It contains a microm- 
eter in the eyepiece wherewith exact 
measurements can be made to one thou- 
sandth of an inch and one-fifth of that 
interval easily estimated. 


For examining the edges of cutting tools, 
examining surfaces for cracks and blow 
holes, measuring the diameters of Brinell 
impressions, inspection of machinery for 
evidences of wear — in fact, there are so 
many uses for the Shop Microscope that 
it is practically impossible to enumerate 
them. 


Magnification is 40X, field up to 7/32”. 
Micrometer scale, 1/10”, is graduated 
into 100 parts with every tenth line 
numbered. 


B &L Shop Microscope Send for catalogs giving information on 


BAUSCH & LOMB OPTICAL CO. 
615 St. Paul Street « » Rochester, N. Y. 


this and other instruments for shop use. 


Makers of Orthogon Eyeglass Lenses for Better Vision a 





BAUSCH 
LOMB 


























writing to the above company, please mention INSTRUMENTS 
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A Self-Contained 
Ohmmeter and 
Cireuit Tester 
that combines a 
high degree of ac- 
curacy with speed 
and convenience 
in operation .... 


For checking resistance and 
testing circuits, the Jewell Pattern 


89 Ohmmeter provides a degree of 


convenience and accuracy not found 
in any other instrument of com- 
parable price. 

This instrument consists of a 
Jewell Pattern 88 Meter, mounted 
in a case of molded bakelite which 
carries suitable terminals. A 1!» 
volt cell inside the case makes it 
independent of outside sources of 
energy. The scale opening is pro- 
tected with non-shatterable glass. 

A screw provides convenient ad- 
justment through a magnetic 
shunt to compensate for variations 
in cell voltage. Since this adjust- 
ment may be made before each 





OHMMETER 


ELECTRICAL INSTRUMENT ( 





series of tests, very accurate direct 
resistance readings are assured, 


The current draw is so low that 
the cell will last several months 
under ordinary use, and it is easily 
replaced. 


In circuit testing the resistance 
of a given section is automatically 
registered on the ohmmeter scale. 
No calculations are necessary. 


The Pattern 89 Ohmmeter is an 
instrument every radio shop, lab- 
oratory, or repair shop should have. 
In fact anybody coming in contact 
with electrical devices or circuits 
will find the Pattern 89 Ohmmeter 
practically indispensable after hav- 
ing once used it. 


Jewell Electrical Instrument Company 
1650 Walnut Street, Chicago 


Manufacturers of a complete line of Portable and Switchboard 
ie Instruments and an extensive line of Radio Service Equipment 


30 YEARS MAKING GOOD INSTRUMENTS 





ty, please mention INSTR 
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QUEL ANEOUS MEASUREMENTS 
FORCE 

PRESSURE 
DISPLACEMENT 


with the 





ELECTRIC TELEMETER 


RANSIENT stresses, vibratory phenomena, pressur 

surges and other variable forces are faithfully repro- 
duced by the McCollum-Peters Electric Telemeter. This 
visible record is indispensable in studying the perform- 
ance of mechanisms under actual working conditions. 
Any combination can be furnished for any purpose. 


Telemeter Set, with special drum camera for high 
film speed, daylight loading. Calibrator at 
extreme left. 









Send for the following bulletins 
BEGGS DEFORMETER 
WHITTEMORE STRAIN GAUGE 
HUGGENBERGER TENSOMETER 
SOUTHWARK EMERY TESTING EQUIPMENT 


TEST EQUIPMENT DIVISION 


UTHWAR 
foUNDRY, ANnee WACHINE co 


PHILADELPHIA.PA 















When writing to the above company, please mention INSTRUMENTS 
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The Shorter the Time Interval » » » 


the Greater the Danger! | 
Se ceriver't-< lesar, Soe 


bere Process Timing and Signalling 
Instruments substitute mechanical 
accuracy for the uncertainty of 
human juagment The shorter the 
time period, the more difficult it 
becomes to control it accurately 
Without accurate timing, spoilage 
or an imperfect product results 
Stromberg Instruments are used for 
controlling the time element in the 
heat treating of steel and steel 
products—in the vulcanizing and 
moulding of rubber and composi 
tion proaucts——Ir enamel and japar 
baking—periodic agitation o 
liquids testing ana seasoning 
incandescent lamps—commercial 
baking and candy making—stee 
etching—and many other ways 
Details of particular applications 
will be furnished gladly to those 
interested. Mail coupon for our 
new bulletin on Stromberg Process 
and Timing Instruments. No obli- 
gation. 


STROMBERG ELECTRIC COMPANY 


Manufacturers of 
Time Recorders, and Everything for Recording, 
Signalling, Measuring and Observing Time. 


241 West Erie Street, Chicago, Illinois 


STROMBERG TIME 


“Turns Wasted Minutes Into Profits” 


STROMBERG ELECTRIC COMPANY, 
241 West Erie St., Chicago, Ill. 
Send me your bulletin on Process Timing and Signalling Instruments 


























Firm Name 


By 











City _ State 
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HUMP 





Half a Batch 


ALF a batch of micrometer anvils, 
hardened in a Hump Hardening 

e ) ' Furnace by the Lufkin Rule Co., 
o * } 
, are shown on this page. A full batch, or 

e four hundred, are put into a wire tray by 
this company and placed in a Hump Fur- 
4 eo 8 i nace. The tray is directly above a mul- 
' 












tiple point thermocouple. At the other 
Ps end of the thermocouple line an L& N 
we Recorder prints the rate of heating on a 
wide chart. Later the hump appears on 
the chart, very clear and sharp. Then 
the Lufkin hardener knows that a certain, 
definite number of degrees above it will 
# be time to remove the anvils and quench 
fe them. After the anvils are quenched and 
s cooled they are tested in two places. 
They show a hardness of 63 to 65, Rock- 
well. 


In this plant all carbon steel tools are 
hardened in a Hump Furnace. Many 
are extremely complicated and represent 
=) weeks of the toolmaker’s time. So once 
again the Hump Method has solved a 
BA difficult problem. And once again it has 
f earned the approval of hardeners and ex- 
ecutives alike. 


Write for Catalog 90-I 


LEEDS & NORTHRUP COMPANY 








a 4901 STENTON AVENUE PHILADELPHIA, PA, 
1¢ ' LEEDS & & NORTHRUP 
0 + PHILADELPHIA CHICAGO “CLEVELAND 
F-206 


When writing to the above company, please mention INSTRUMENTS 
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An interesting application of 
automatic pyrometer control 


This electrically heated sheet 
metal annealing furnace is 
under the absolute control 
of the Wilson-Maeulen tem- 
perature controllers shown 
on the panel at the right. 
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New York, N.Y. 
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Book - of - the - Month 


Commercial 


A.C. Measurements 


By 
G. W. Stubbings, B. Sc., F. Inst. P., A. M. I. E. |} 

















a 


The book leals 
theory of a. c. meas 
and while somewhat t 
is so well written that it 
be easily understood 
average engineer 

At the end Of eact 
a reference is made t 
that have appeared 
subject discussed. Pr 
all references, however, rete 
to British publications 
of course, is to be ¢ 
The papers referre it 
well selected 

The arrangement 
b 90k 1s gor id and the 
well covered, discussir 
addition to the instru 
themselves, and tl 
also accessory apparat 
as instrument 
etc 





The reviewer is 


Price Postpaid $5.00 that a great deal 
learned from this book 
341 Pages recommends it _higl 


engineers who are called uy 

to make a. c. measurement 
It can also be recommended to students who are studying a. c. measurements as the subj 
presented in a very clear cut and precise manner. The reviewer does not hesitate recomr 
ing it to the readers of INSTRUMENTS as it covers the subject better than any other 
which has come to his attention E. S. Lincoin 


Send your order to 
INSTRUMENTS BOOK SHELF 


INSTRUMENTS PUBLISHING COMPANY 
1117 Wolfendale St., Pittsburgh, Pa. 
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The Metric Question 
Frederic L. Roberts* 


ODERN industry rests upon scientific foundations. Perhaps the 

most essential of these is measurement. The keynote of modern 
industry is precise measurement. Upon this rests the possibility of both 
quantity production and quality production. 





Protagoras begins one of his books by saying “Man is the measure of all 
things.” Surely man is the measurer, and measurement his master art. 
The Sanskrit root in the word “Man” means both “mind” and “measure.” 
Measurement is not merely an art, it runs through all 
tries—it is the master art. 


rts, sciences, indus- 


Measurement is a pioneer. Early history writ on trees marked by 
notches the height of flood and the passing days. Man measured the earth, 
geometry; the turning shadows of the day, chronometry; the stars and 
their motions, astronomy; the seasonal migrations of the sun, chronology. 


Through measures alchemy was transmuted into chemistry, magic into 
physics; and astrology into astronomy. Measures bring new eras. The 
theodolite precedes the railway; the micrometer ushers in the machine 
tool age; the pyrometer, a new era in metals; the kymograph, a new psycho 
logy; the X-ray, a new knowledge of atoms. 


The great step most urgently needed in industry and in commerce is a 
single standard of measurement. Such a standard has been attained in 
respect to the measurement of time, latitude and longitude, angle and circle 
division, our system of numbers, etc., etc. The United States is ready to 
take the next step! 

Looking backward we trace the steady development of what we might 
term “value guides.” Since early cave man days, with the beginning of 
the practice of bartering came the development of standard units. At 
first, those things nearest at hand were accepted—-the foot, arm (we have 
the cubit in the Bible which is supposed to be the length of the forearm 
and hand, i.e., from elbow to finger tip.) and so on. Then such things as 
the “stone, and “barleycorn”’ were adapted to use. 


As civilization developed, the units and standards became more definite; 
and soon it became a function of the governing power not only to determine 
and maintain them, but to enforce their proper use and prevent fraud. The 
rulers assigned this work to the priests and scientists or wise men of the 
tribe. And so since early times there has been involved a certain spirit 
of cooperation for mutual advantage and an exercise of authority to secure 
not only honesty and equity, but more, important perhaps, uniformity. 

Tribes merged, races were built up, wars were waged, nations came into 
being. Each and all held to their hodge-podge weights and measures until 
recognizing the need for greater intercourse they opened their markets to 
each other—and with this came the realization of a need and the develop 
ment of standardization. 

This standardization has advanced immeasurably in the past 100 years. 
It’s progress would be greatly accelerated if the people of the United States 
and Great Britain were to recognize the ultimate trend and accept the uni- 


*Treasurer, American Metric Association 
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versal language of quantity, intelligible to humankind and a potent 
in commercial development. 

That we hold to our inheritance of archaic weights and measures 
our own logic and reasoning, and remain aloof from the other nation 
world in this one aspect, hardly seems in line with our preachments o} 
good will and international fellowship. That we have advanced to 
leading the nations of the world has not been because of our conglo 
system of weights and measures, but in spite of it! 

When one realize - it it took Arabic numerals 180 years to sup} 
old Roman numer: ils, , X, L, V, C, etc., the advance of metric wi 
and measures is a Since 1790 all of the nations of the vy 
but two have made the change.and since 1920 alone we find that 
339,509,000 people of the world have accepted the metric sy Ste 
general use. 

However, what concerns us more is the advancing use of meters, 
and grams in this, our own country. Arthur E. Kennelly, of Har 
University, at the joint meetings of the Metric Association and the Amer 
can Association for the Advancement of Science held in Des Moir 
December 30th of last year graphically illustrated the advance of the 1 
system through a simple statement of fact, a fact which we all have obser 


but to which we perhaps neglected to give much thought. “Looking : 
during the last twenty years into every-day American literature compt 
say, newspapers, journals, and magazines, one cannot fail to be struck v 
the increased general use of the international metric system. Today, tl n 
frequent use of the metric terms has so familiarized the American pu V 
with these international units that they now pass into current news| t 
and magazine text without any translation, explanation or comment 0 
Perhaps it would be interesting to know that the eye-glasses one wi 7 
the watch one carries, the magneto one has in his automobile, th: , 
bearings that make for smooth riding, and countless other items are enti! . 
metric. . 
Samuel W. Stratton, when head of the Bureau of Standards, in 
made on the metric system which later was offered in testimony on | tl 
of a Metric Bill before Congress, named more than a dozen of the le . 
industrial concerns of this country that were using metric weights v 
measures to a large extend if not exclusively. a 
Certain objections have been suggested, among which five may be “ 
Inasmuch as it is admitted that the metric system is far superior as a syst . 
than our present system, these objections relate mainly to cost an t bs 
pated difhculty and confusion. ” 
It is said that if the metric system is used, it would mean two syst 
instead of one. The fact that two systems are already in legal use 11 : 


country answers this objection. The time has passed to raise this p 
The law of 1866, making the metric system legal for all purp s 


has resulted in a greatly increased use by manufacturers, many of w! C1 

carry lines of products in both systems, one for domestic, the othe: 

export business. It may be added that the use of the metric syste! ) 

domestic trade is steadily increasing. tl 
2. The cost is a second objection. The fact that all firms that d: 

export work carry metric-sized or metric-marked products indicated that p 


it is profitable to do so. Some of the most conservative firms have fot 
years carried such lines of metric products side by side with those based 01 Ol 
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he customary units. The experience is that the prices of such metric 
products are no higher than the corresponding American sized products, 
especially measuring tools. A casual examination of tool catalogues is 
mvincing on this point. An experience such as the manufacture of 
French locomotives in a Philadelphia locomotive works using metric 
easures for this purpose shows how by intelligent handling any anticipated 
xpense can be minimized or even avoided. 

3. It is claimed also that much of existing information now in the work 
man’s mind incustomary units would be less useful when working in the 
metric system. The sufhcient answer to this is that approximate equiva 
lents, easily learned, permit ready translation during the short period 
needed to acquire the new knowledge. However, modern technical data 
cover too large a field and handbooks and tables are too widespread to 
require that large amounts of numerical data should be memorized. It is in 
fact a question whether this is not to some extent a harmful practice, since 
numerical data are subject to change as more exact values are obtained by 
research, the fact that even engineering handbooks quickly become out of 
date on account of such changes is conclusive on this point. However, 
any loss from this cause would be more than compensated by the gain in 
availability of foreign technical data which are now a sealed book to those 
unacquainted with the metric system. 

4. A common fallacy is that standard s 
would have to be changed. Where a size is 
not be changed. Where it is not the most efficient size, it shou 
whether we change our system of measures or not. Any efficient size may 
be retained and can be expressed equally well in metric or custom units 
or in both, as if often done. A vital consideration, however, is that in 
order to be permanent, standardization must be international, and since 
the large majority of the countries are using the metric system, and this 
is the only international system, world standardization can best be done 
in metric units. 

5. Some have felt that community of interest with England dictates 
that we retain the so-called English measures. As a matter of 


long ago abandoned the troy pound, and we are using a gallon and a bushel 
L 


zes now in customary units 
the most efhcient size, it need 


ld be ch inged 


1 


which England discarded decades ago, so that 1n respect 
all liquid measures, and the ton weight, American practice already differs 


from English practice. It is as difficult for an American exporter to adapt 
himself to these measures in trade with England and her colonies as it 


would be for an American exporter to adapt himself to the needs of metric 
countries. 


The following lvsis may help the reader in coming t iene if 
1€ Tollowing analysis may help the reader in coming to a dicision, 1 
he has not already made one, as to whether to join in this movement on 


behalf of a change in our weights and measures or to sit back in smug 
satisfaction with America’s system of weights and measures, the unsolved 
cross word puzzle of the world. 

1. A uniform world-wide system of weights and measures used through- 
out the world, the Metric, the English, and the American. (Few realize 
that the English and American systems differ.) 


2. Such a system should be adapted equally to the everyday uses of the 
people, to their trade and industries, and to science 


ind 
111 


h S . I 
1 the American 


3. There are three major systems of weig 


out the world, the Metric, the English, and 
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4. It is urged by some that the United States should abandon its pr 
system and adopt the metric system for general use. . 

The problems to be considered are 

A. Which system is intrinsically superior. 

B. Which system is best adapted to serve the uses of the people 
United States, and to promote their permanent interests. 

C. What difficulties, if any, would a change of system involve, and | 
could they best be overcome? 

D. Is it expedient now to seek legislation designed to affect the 
or ultimate accomplishment of a change of system. 

The questions at issue are first, is any change desirable?——second, 1 
what change?—and third, how can it best be accomplished? 

Summarizing the arguments in favor of the complete adoption of th 
metric system, we find: 

a. The metric system of weights and measures is now firmly establish: 
as an international system, either through its legal adoption, or its exclusiv: 
or permissive use for standards, by all the principal nations of the wor! 
Its more general use in the United States is therefore advocated to promot: 
greater international uniformity, and in the hope, if that be accomplished 
that Great Britain (the only other country not completely metric) woul 
follow the lead of this country. 

b. The system has been tested and found satisfactory in the Unite 
States and elsewhere, in its use in complicated scientific calculations 
in the metric countries, adaptable to the everyday trade, and to industri 
and educational requirements of the people. 

c. While the basis for the units of the metric system is, of course, 
trary, it has now been definitely established,and the various decimal gradu 
ticns give a wide choice for convenient designated measurements of length, 
weight and capacity, adaptable to common and scientific use. Familiarity 
with such terms as the pound and inch is a matter of habit, and it is cert 
that custom would also make the use of decimal subdivisions of the met: 
systems such as the millimeter, equally familiar and convenient 

d. The basic simplicity of the system, with its few units, as the met 
liter, gram, with decimal subdivisions, makes both teaching and learni 
easy; and, in trade, making computations and billing simple. 

e. An arbitrary imposition of any system of weights and measures wit! 
out a reasonable period of transition or the principle of exemption, wher 
desirable for manufacture or for export to non-metric ports, might be 
hardship. A gradual change has been effected in most countries, and it 
believed that such change was accomplished without hardship and without 
heavy expense as claimed by those opposed to its adoption. It | 
believed that greater uniformity to the habits of metric countries wi 
tend to increase our export trade. 

f. The relative international popularity of the major systems in use 
shown by the vast number of nations which have adopted the metric syst 
while none have formally adopted the English or American systems. 

g. As further, domestic simplicity and international uniformity 
believed to be desirable for local convenience and in our foreign trade 
as the further adoption by other countries of the English or Amer 
systems seems unlikely, it would therefore seem to be an appropriate tu 
to make the change to the metric system. The education of hundred 
thousands of the present generation in the metric system through t! 
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. 
yverseas experience, and many more in local factory practice growing out 


f the late war, has laid a broad educational foundation and tended to 
Jevelop interest in the subject. 
When one considers the proposal to replace our complicated weights 


ind measures with the metric system, there are three distinct impressions 


received which develop interest, convince the mind and, finally, enlist 
the heart! 

First, it appears to be scientifically true 
and desirable; then it is seen to be practical and economical—a 
saving much time and money; finally one realizes the moral wrong to 
children, to workers, to every one at home and to our neighbors—due to 
the inflicting of an archaic conglomeration of weights and measures upon 
And with this final realization the demand for reform be 


comes a crusade! 


a propos il theor etically correct 
means of 


these people. 
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CHAPTER V—(Continued) 


Practical Notes on the Use of Pitot and Static Tubes. 
—In determining the mean rate of flow or the mean total head 
at a section, we have seen that the Pitot and static tube must 
be inserted into the pipe through a hole cut in the side, and 
traversed across the section, readings being taken at a number 
of pre-determined points. It is convenient to provide a number 
of wire rings fitting the stem of the instrument fairly tightly, 
whose positions can be adjusted prior to the insertion of the 
tube into the pipe, so that when each ring in turn is up against 
the outside of the pipe, the axis of the head is at one of the de- 
sired positions inside. A linear scale marked on the stem 
further facilitates the correct location of the points of measure- 
ment. 


The head of the instrument should, of course, point upstream, 
with its axis parallel to the direction of motion of the air, which 
is usually assumed to be parallel to the walls of the pipe. A 
useful method of ensuring that the head is in the desired atti- 
tude is to have, permanently fixed to the extreme end of the 
stem outside the pipe, a straight-edge, five or six inches in length, 
parallel to the head, which can be sighted along the outside 
wall of the pipe. The hole cut in the pipe wall should not be 
larger than is necessary for the introduction of the tubes, and 
should preferably be, as far as possible, stopped up when the 
instrument is in place. 

Combined Pitot-static tubes of the N.P.L. pattern or of 
the alternative type shown in Fig. 9 may be used in pipes up to 
about 15 inches diameter, but in practice it frequently happens 
either that the length of these tubes is too short to permit them 
to be traversed completely across a section of a pipe or that 
the instruments are unsuitable for some other reason. In such 
cases, when modified forms of Pitot tubes have to be made up 
to suit particular conditions, it obviously simplifies construc- 
tion to have the total head and static tubes separate, and to 
clamp them in juxtaposition. Satisfactory apparatus can be 
made from material to be found in the ordinary works machine 
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shop : steel or brass tubing of about ,°, or 23-inch external d 
meter is quite suitable for most purposes. Some care is nec: 
sary in shaping the heads of both tubes if it is intended to u 
them clamped together. Although any open-ended tube faci: 
the wind will indicate total head correctly, if the tubing is 
all thick-walled the flow of air around the outside will be son: 
what disturbed, and may therefore lead to error in the measur 
ment of the static pressure by means of another tube plac: 
near the first. For this reason it is advisable to file the outsid 
of the total head tube near the end to form a taper, so as to 
present only a thin annular edge to the wind. For the stati 
tube it will probably be found simplest to adopt the type having 
a hemispherical nose. This tube can easily be construct 
by bending a straight piece of tubing to form the head and th 
stem, and closing the open end of the head by means of a 
hemispherical plug having a short shank that forms a push fit 
or screws into the tube, the joint being made airtight by 
finishing it off with solder. Care should be taken to leav 
no gap between the plug and the end of the tube: the outlin 
of the head should be smooth and continuous. The stati 
holes should be six tube diameters behind the junction of the 
plug and the head, and the stem eight diameters behind the 
holes, if convenient. In this case the tube will indicate th 
static pressure correctly, but if, for some reason, it is mor 
convenient to have the stem at some other distance behind th: 
static holes, the correction to be applied to the observed pres 
sure in order to obtain the true static pressure can easily bi 
obtained by reference te Fig. 8. The actual size of the stati 
holes is not of great importance, provided they are not too larg 
a diameter of about 0-05 inch in #-inch diameter tubing is 
quite suitable. Itis important that in drilling the holes th 
outside of the tube should be left entirely free from burrs. 

When separate total head and static tubes are used clamped 
together, the air flow round each will be affected by the pre 
sence of the other, so that if the tubes are too near each othe 
the accuracy of the static head reading will be impaired by 
the interference effect of the total head tube, although th 
reading of the latter will not be correspondingly affected. 
Experiments made by the author have shown that the tube 
may safely be clamped with their axes not less than 5 tubs 
diameters apart. Similarly, all brackets and clamps should 
preferably be confined, if possible, to the stems of the tub 
outside the pipe, in order that they should not vitiate the stat! 
pressure observations by giving rise to disturbances simil 
to the effect of the stem. 

It may be mentioned here that when separate tubes ; 
used for the measurement of total head and static pressu! 
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these observations need not necessarily be made simultaneously 
provided the conditions of flow are reasonably steady and con- 
stant. It is often more convenient to read first the static 
pressure and then the total head at the point (or vice versa), 
the appropriate tubes being successively introduced into the 
pipe. This necessitates the cutting of smaller holes in the piping 
than when the tubes are inserted clamped together. The 
velocity head is then, of course, obtained by subtracting the 
observed reading of the static tube from that of the total head 
tube, due attention being paid to the signs of the observed 
pressures (i.e. whether they are above or below the atmospheric 
pressure). 

Readings of Fluctuating Pressures.—Serious difficulty 
is frequently experienced in Pitot-static observations on account 
of the unsteadiness of the air stream. In such cases the liquid 
in the manometer oscillates, at times over a large range, and 
it is not easy to estimate the mean value of the pressure to 
the necessary degree of accuracy. A method of overcoming 
this difficulty has been suggested by Mr. L. F. G. Simmons of 
the National Physical Laboratory. It depends in principle on 
the fact that a fluctuating pressure acting on one end of a 
long tube is not transmitted instantaneously to the other end. 
Moreover, the amplitude of the transmitted fluctuations is not 
the same as that of the applied fluctuations. A tube of given 
dimensions exerts, in effect, a definite amount of damping on 
the motion of a pressure wave along its length. Now the 
amount of damping contributed by the total head tube will 
obviously be less than that of the static tube on account of 
the larger resistance of the small static orifices. Hence, even 
if the same fluctuating pressure acts both at the mouth of the 
total head tube and at the static holes, the fluctuations will 
not be damped out to the same extent by the time the pressures 
are transmitted to the manometer, unless extra damping is 





7 | 








i | __—— 





Fic. 24.—Method of equalising the damping on both sides of a Pitot-static tube. 


introduced in the total head connecting tube. It appears, 
therefore, that the total head connection must be made longer 
than the static connection. 

The necessary lengths of tubing can readily be determined 
by the method illustrated in Fig. 24. The head of the Pitot- 
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static ‘ube is introduced through a cork into a length of br 
tubing about ? inch in diameter, the other end of which 
connected, as shown, to a convenient length of large-bore rubb: 
tubing closed by a second cork. By squeezing this rubby 
tubing in the hand, fluctuating pressures can be appli 
simultaneously to the mouth of the total head tube and th 
orifices in the static tube. If the other ends of these tubes ar 
connected to the manometer in the usual manner, the lengt! 
of the connecting tubes can be adjusted until the oscillations 
of the manometric liquid become quite small even for larg: 
applied pressure fluctuations: When the required lengths of 
tubing have been thus ascertained by trial and error, it will bs 
found that even under unsteady conditions of measurement 
sufficiently steady readings will generally be obtained on the 
manometer. 

On the assumption that the same fluctuations of pressure 
act on both the total head and static orifices, and that this 
pressure oscillates symmetrically about a mean value, the re- 
sultant reading on the manometer will be the velocity head 
corresponding to the true mean rate of flow at the position 
occupied by the Pitot-static tube. Actually, these conditions 
will not be completely realised. The total head fluctuations 
will be a combination of velocity and static pressure variations 
whereas the static orifices will be affected only by variations of 
static pressure. Hence a system balanced in the above mannet 
under pressure variations only, will not give entirely steady 
readings when used to measure flow in a pipe where the velocity 
and static pressure are both fluctuating. It will nevertheless 
usually be found that greatly improved steadiness can be 
secured by adopting the procedure described above. 


At the Medal Day exercises held May 21, 1930, in the Hall of the F1 
lin Institute at Philadelphia, Pa., Ervin G. Bailey, President of the Bu 
Meter Company, Cleveland, Ohio, and a widely known enginee! 
awarded the Edward Longstreth medal by the Institute. 


Mr. Bailey received the medal upon the recommendation of the | 
tute’s Committee on Science and Arts in recognition of his many invent 
and developments of regulating and controlling devices, and of measut 


and recording instruments. 
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CHAPTER IV. MEASUREMENT OF TIME 
ky staat has taken over fixing the unit of time. Astronomically, 


a distinction is made between two time units: sidereal time and solar 
time. The sidereal day is the time which elapses between two consecutive 
passages of a fixed star through the meridian of the location of observation, 
that is the time between the two instants at which the star was exactly 
south on two consecutive days. This time interval is the sidereal day 
which, as usual, is subdivided into 24 hours of 60 minutes and 60 seconds 
This is the astronomical time unit while that of civil life is the so-called 
solar day which is determined in exactly the same manner with the dif 
ference that the sun is used instead of a fixed star. Considering the rotation 
of the earth around the sun it is at once obvious that both days are not the 
same. A simple reasoning shows that during one year, that is in approxi 
mately 365 days, the solar time must have preceeded sidereal time by a full 
day due to the complete rotation around the sun. More exact observations 
show that a solar day is longer than a sidereal day by 3 min. 55.9 sec. Due 
to the fact that the rotation velocity of the earth around the sun is not quite 
uniform in the course of the year the length of the solar day is consequently 
not quite uniform during the year. The average length of a solar day in the 
course of a year, according to what was said before is the mean solar day, 
the well known time unit of civil life. 


To make use of the astronomically determined time offers no difficulties 
it present. It may, for instance, be pointed out that the large German* 
radio station at Nauen gives a radio time signal at 13 o'clock (i. e. 1 P. M.) 
which is supplied by the Deutsche Seewarte in Hamburg or the observatory 
in Bergedorf near Hamburg. The reliability of this signal can be estimated 
to more than 0.1 second, and it is usual that all radio stations pass this 
signal on, of course with the same accuracy. This signal can be received 
with little difficulty with simple apparatus almost everywhere and clocks 
ind watches compared with it. Further, many foreign stations send out 
similar time signals. 


Clocks are the well known time measuring devices which are made in 
two types with pendulum and with balance-wheel, the latter is known as 
the watch. The time measuring device of the former type is the pendulum. 
A pendulum which can oscillate permanently without friction would be 
the best time measuring device. Unfortunately, it is influenced noticeably 
by several conditions, first by the friction of the pendulum in the ambient 
uir, then by the unavoidable temperature expansion of the pendulum rod 
which changes the length of the pendulum and therefore the period of 
oscillation, and finally by the unavoidable energy consumption of the 


nthe United States by the Radio Station at Arlington. 
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oscillation. For very high-class clocks nickel-steel with very low exp 
is used for the pendulum rod and the influence of temperature can b 
pensated with astronomical accuracy on the rod by compensating d 
(Fig. 15). The wooden rod is appropriate and entirely satisfactory { 














pendulum. The length is usually selected so that it beats seconds. A 
further hindrance to the free movement of the pendulum is the transmissior 
of the oscillations of the pendulum to the clock-work. The clockwork 
itself is a purely mechanical arrangement the construction of which offe: 
no great difficulties if it is made with a little care, but it is fairly diffici 
to transmit the oscillations to the clock-work in such a manner that the 
pendulum is impeded as little as possible, and that, at the same time 
uniform suitable power transmission to the pendulum from the driving 
weight, necessary for the maintenance of the oscillations, is guaranteed 
A spring drive for the pendulum is inferior to a drive using weights. 





The pendulum clock has, above all others, the great practical advantage 
of permitting the electrical transmission of the movement of the clock t 
other places with ease. It is quite easy to provide the pendulum wit! 
electrical contacts which at each oscillation send a current impulse int 
line and so operate other devices. Such devices are for instance second 
clocks without clock-work, the hands of which follow perfectly fron 
second to second the position of the hands of the primary clock, or als 
so-called chronographs, that is devices which indicate or record on moving 
paper ribbons from second to second. 


Such chronographs, are used in order to be able to conveniently compar 
any occurrences in their chronological order with the time indications 
clock because they are to be considered, so to speak, as a normal acces 
to a pendulum clock in a laboratory. It has been said above that on! 
pendulum clock permits making electrical contact in simple mannet 
suitable arrangement of its pendulum. This is done either by p 
the lower end of the pendulum through a mercury container on each pas 
through the vertical position and thereby closing an electric circuit, 
arranging a suitable contact on the pendulum rod itself. This never ca 
difficulties provided care is taken that the surface of the mercury re! 
sufficiently pure which can be fairly easily accomplished if it is protect 
by a film of oil or petroleum. The standard chronograph (Fig. 16) origi! 
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from the ordinary Morse-telegraph key. A small paper ribbon, on which 
two pens can write, runs through a clockwork with approximately uniform 
speed. The two pens make either straight lines or are suspended close to 
the paper ribbon. At their other end is placed an iron piece over an electro 
magnet. If the clock closes the circuit the iron is attracted, the pen attached 
to this iron piece indicates a jog in the straight line or marks a dot on the 
paper. The same is done by the other pen as soon as its electric circuit is 
closed. This must be done by hand at the proper moment or by the appa 
ratus observed. Corresponding arrangements are made in many recording 
devices where a pen marks seconds on the moving paper. 

The second type of clocks which are of importance are the clocks with 
balance-wheels or chronometers. They are particularly suitable for portable 
clocks because it is obvious that a pendulum clock can only be transported 
with considerable difficulty and grave disturbance to its movement. A 
particular type of chronometer is the so-called marine chronometer which 
is also a larger size balance-wheel clock built with special care for naviga 
tion purposes. They are of extraordinary accuracy so that they are hardly 
inferior to average pendulum clocks. 

The power for driving these clocks is supplied by a spiral spring the 
torque of which, however, depends to a considerable extent on the degree 
of winding, and which is, therefore, only used to a small degree so as 
to attain uniform operation. 








The counter-part of the pendulum is the balance-wheel in this clock. 
In cheap watches the balance-wheel is a simple brass ring oscillating around 
its axis. To produce this oscillation the spiral spring is attached to it which 
can be seen in each watch; one end of the spring is fastened to the bearing 
of the axis of the balance-wheel the other to the axis of the wheel itself. 
The spring is of steel, sometimes of gold or palladium. It is self evident 
that the action of balance-wheel with spring, depends in a large measure 
on the temperature as temperature not only changes the dimensions but 
also the elastic constants. Recently, the metal Elinvar of Guillaume is 
often employed in high-grade watches for the spiral, a special nickel-steel 
alloy which has not only a very small temperature coefhcient but it also 
practically independent of temperature. The shape of the balance spring 
in most watches, is flat, in marine chronometers often cylindrical. In 
oscillating it changes its shape displacing the centre of gravity which is not 
conducive to uniform movement. This condition can be eliminated by a 
appropriate shaping of the end curve of the spring, an invention of aon 
great importance for the watch making art. 

In its simplest form the balance-wheel is a ring. This form is only suitable 
for watches of rather low accuracy as temperature changes have a very 
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great influence on it. It may be mentioned that a solid brass bala: s 
with steel spring which is correct at one temperature would have 
of 10 seconds daily with a 1° C temperature increase. In order to \ 





the temperature error usually a balance-wheel with a so-called bi It 
rim is used (Fig. 17). This is cut in two places on a diameter and t : do 1 
so formed semi-circular pieces are composed of two different metals 4 repr 
their free ends curve more or less with temperature changes and a num 
closer or farther away from the axis. In this way, the moment of inert the 





the balance-wheel is changed and it is possible to eliminate the temper: ; each 
influence on its movement. For finer adjustment, tiny screws are p1 fe full 
on the circumference. In many watches of average quality the bin 2 the 
balance-wheel is only pretended but not actually carried out. Th: t ” not 
important part for the movement of the watch is the so-called escapy t 4 of a 
the same as in the pendulum clock. Here, also a great number of ty; com 
in use which will not be discussed here. 3 inst 
It is usual to adjust the ordinary watch so that the balance-wheel : 1 nly 
five oscillations in one second. In marine chronometers two oscillatior 4 ful! 
per second are usual. A watch can, therefore, quite well be used ¢ q _ 
estimating tenth of a second, a fact not quite generally know1 4 vt 
in 
The errors in the movement of the clock which is to be used for measuri! oi fe 
purposes must of course be known. It is customary to designate tl 4 vie 
errors in such manner that they must be added with their signs to tl i 
ing of the clock in order to obtain correct time. For example: if a < 7 ; 
an error of +5 seconds that means that the clock is slow 5 se : Me 
error of —5 seconds that it is fast 5 seconds, that 5 seconds have t : ms 
subtracted from its reading to obtain correct time. A good tim - 
should have constant error. This condition is fullfilled by pendulum ¢ 
according to their quality with quite extraordinary accuracy. B gor 
wheel clocks are much inferior in this respect as they are more compl: Fi 
in construction and subject to more external influences. In particul to 
balance spring will gradually change its elastic qualities due to the f dir 
rust also may influence it, the friction conditions of its gears in thei of 
ings; the influence of the oil also causes considerable variations. How col 
watches which can be adjusted with proper care so that they show or 
changes of a few seconds during one week are available at present a ¢ 
tar 


A special type of watch is the so-called stop-watch, the use of whic! 
well known. It is usually a medium quality watch so modified th 





. a4 Gid 
principal hand of the watch is the seconds hand which rotates once 11 Fe A 
minute. The movement can be stopped by a pressure device at : se 
started by it. In addition a device for returning the hand to the zet Fo 


tion is provided. Due to the jerky progress of the hand by the oscillat 








of the balance, naturally only about 1/5 of a second can be measured wh oe 
can also be read on the dial. Recently, similar watches have been put a 
the market which are said to do better than this. Their application sh — 
be rather useless since, from the purely physiological point of view, tu! ee rh 
readings can hardly be made with greater accuracy. ii “¢ 
ler 
th 
to 
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CHAPTER V. MEASUREMENT OF ANGLES 


1. GENERAI 


It may be said that angles are one of the units of measurement which 
do not require a standard for their embodiment as the unit of angle is 
represented by the division of a full circle which is divided into a certain 
number of parts. At present after an — of centuries long standing 
the division of 360° has been chosen, i. e. the right angle contains 90°, and 
each degree 60' of 60". More recen ely, instead of this, a division of the 
full circle into 400° has been chosen due to the simpler calculation, so that 
‘ 


1 


he right angle has 100°. A further sub division into individual parts does 
not exist; smaller angles than 1° are simply expressed in fecimal fractions 
of a degree. A number of tables for the angle-functions have already been 
computed for the calculation with this new divisior Also measuring 
instruments with these divisions can be bought but are of 
only to astronomers and surveyors. In iny case, the sub 





I 
and the division of an angle can be c ante out correctly 1 





S 


supervision provided pm, devices exist which is impossible for lengths 
and masses. It may be said that generally very exact divisions of angles 
fer less difhculty than divisions of lengths from a precision machining 


viewpoint. 


Omitting the cases of diagrams, the chemist will only find it necessary 
to measure angles, when the angles of crystals must be determined because 
these are of importance crystallographically and therefore also chemically 
for the determination of minerals. 


The measuring instrument used in this case is the 


goniometer which is built in more or less precise model 
Fig. 18). It consists essentially of a crystal holder 
to be determined is attached in such manner tha 
directions. This sdin tment must be es so that the 
of the two crystal faces, the intersecting angle of whic! 
coincides as nearly as possible with the axis of rotation 
or runs parallel with it and very close to it. Arou 
a divided circle also rotatable is attached so that the 
taneously with the crystal holder or de crystal holder 
the circle. ge: rotation of the divided circle is read a 
diametrically opposite places. The procedure for meas 
A stationary chia is directed on one of the crys 
sarily must be plane and reflecting; 
For this, either any mark in the open or any other | 
example, a mark on a window frame or something simular, 1 
only requirements is that it must be far enough away he light fall 
from this mark on the crystal face and is reflected when in suitable position 
by the face into the telescope and made visible in the latter. The crystal 
face then has a distinct location with reference to the direction of the axis 
of thé telescope which is perfectly defined by the cross-hairs in the ocular 
lense and the axis of the telescope. The crystal is rigid], connected with 
the divided circle and this position is now read. Then, both are turned 
together until the light is reflected by the second crystal face in exactly 
the same manner, until the same mark appears at the same place in the field 
of view in the telescope. This position is also read. The difference between 





eae ae 1; 
ing; 1n this face, a dist 
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the two readings gives the angle directly taking into account any | 

of the zero point. As can be seen from Fig. 18 a very simple relati 

between this angle and the angle of the two faces. Both must nece 
1 y/ aoe - 

supplement each other and must equal 180°. The crystal angle can, 

fore, be calculated directly from the angle determined. 


In practise, one usually proceeds in 
ent way. The measurement is made 
manner described by adjusting and 
the starting position, then the final ; 
is set, this though is not read or only 
proximately read. Then the crystal wit 
the circle is turned back and again ad 
without reading finally the crystal toget! 
with the circle is again turned to the 
ment of the second face and now a1 
reading is made. It is quite evident that 
this manner, the double angle has been 1 
ured, and that with the same accuracy 
single angle. The difference of the readit 
must, therefore, be divided by two, ar 
this way the accuracy of measuremer 
ilmost doubled, disregarding errors of adjustment. The same method 
be repeated several times and the accuracy thereby increased still furt! 
This method which is also of importance in other angular measurement 
is called the repetition method. 


It was mentioned above that the goniometer has two reading marks f 
reading the division circle. This fact which is of importance for many 
measuring instruments may be treated a little more thoroughly. If a divis 
of a circle is made which is accurate this entire division holds good onl; 
one well defined center of the circle. If two oppositely located divisions 
are connected all these connecting lines should go exactly through the same 
point; this is the center of the circle and of the division. Such circula 
divisions for angle-measuring instruments are always mounted rotatab! 
axes, or on other axes which carry the actual measuring instruments, wh 
should coincide with the axis of the division circle. This condition 
of course, not be strictly fulfilled considered from a precision-machit 
point of view, and if, therefore, the finished division circle which is corr 
in itself, is mounted in a goniometer or a spectroscope its new axis of 1 
tion will not, in all cases, coincide with the axis of the division circle, that 
is to say, if a line is drawn from one division through the new axis t 
opposite side this line will not exactly pass through the correspor 
division, and it is evident that the division is apparently incorrect becaus: 
this division corresponds in fact to an exact rotation of 180° while the 
which indicates this angle is displaced more or less to one side or the ot! 
These errors are called errors of eccentricity, and they can be avo! 
comparatively easily by always reading all circular divisions at two po! 
approximately 180° apart. In practice this is done by taking one ot 
two marks as the principal one and making a full reading while for the ot 
considered as secondary mark, only the minutes are read which of c 
will differ only little from the first reading of minutes if the instrument 
made with fair precision; of these two readings of minutes alone the ave! 
is then taken. 


+ 
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2. READING WitH MIRROR AND SCALE 


At this point, attention may be called to a special measuring method 
which can also be used for the measurement of angles, especially of small 
ngles, but which is also of particular importance for other measuring 
yurposes. This is the reading and measuring of rotation ingles of instru 
nents of the most varied types, in particular of galvanometers, by means of 
. mirror and scale, generally called by Gauss and Poggendorff mirror-read 


es & 


t 
t 
t 
I 


ing (Fig. 19). In principle the method consists in that the body, for example 
the magnet needle of a 
galvanometer, is pro 

vided with a mirror 

.~, which follows all its 

gt tig ~~ movements. At some 

ah a— distance a scale is at 

D ranged so that the plane 


of the scale and that of 


the mirror are parallel 
when the latter is at 
g } rest, and <« losely above 
oO! below the scale 


telescope is directed on 





the mirror in such a 
manner that an image of 
the scale is seen in the mirror. In the telescope itself a cross-hair is arranged 
so that a certain line of the scale is seen in the mirror and can be read when 
the mirror is at rest. If the mirror is turned a small amount the lines of the 
scale are seen passing in the telescope and a second line can be read when 
the mirror has come to rest again so that the rotation of the mirror can be 
brought into a simple relation with the reading of the scale. As can be seen 
from Fig. 19 a simple mathematical relation exists between the angle of 
rotation of the mirror and the difference of readings on the scale 

tan. 2a = b/I. 

This method is so important, especially for electrical measurements that 
it deserves a somewhat more detailed treatment. At first something more 
may be said about its use. Generally, the distance between mirror and 
scale is chosen to be from 1 to 5 mm. To place the telescope farther away 
than the scale is of no use as the distance of the former has no influence 
only the distance of the mirror scale is of importance. The size and capacity 
of the telescope is of importance in so far as it must permit clearly seeing 
the divisions of the scale. The scale is placed so that its center vertical 
line passes through the rotating mirror and about the center of the scale 
can be seen in the telescope when the mirror is at rest or zero position 
One must note that the scale can not be seen in the telescope if one adjusts 
the mirror itself, but the telescope must be adjusted to a vision distance 
corresponding to the total distance telescope-mirror-scale. 

Reference to Fig. 19 shows that the deflection read on the scale corre 
ponds to the double angle of rotation. In the great majority of measure 
ments as they are used for instance for electrical measurements the actual 
angle of deflection is entirely immaterial, and only in specia! cases will it 
be necessary to change from the deflection to the angle itself. In general, 
it will suffice to assume that the deflection is proportional to the angle of 
rotation, and that corrections therefore do not become necessary. 

With respect to the practical use of this method a few peculiarities may 
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be pointed out. When taking long series of measurements it become 
some to look through a telescope. There are, therefore, some types ot 
market which permit an objective reading; if the galvanometer is pr 
with a suitably curved mirror instead of a plane mirror and a bright li: 
used as the mark, (the straight filament of a special incandescent lamy 
image of the filament can be thrown directly on the scale by means of 
mirror and, in this way, the deflections be directly observed without 1 
eye being at a fixed place. Precisely the same object is attained if a suit 
lens is inserted in the path of the rays, most suitably in close proximity t 
the mirror; this makes the use of a curved mirror unnecessary. They | 
the further advantage that with their application the comparatively 
space is not required which the original arrangement requires. Usu 
the arrangement is so that the path of the light is bent by prism and t 
galvanometer placed on a socket high up on the wall, while the illuminati: 
lamp and scale are mounted below the galvanometer on the wall. Thi 
gives the advantage that the place for the scale can be chosen so that t! 
scale is somewhat in the dark which of course facilitates reading, 

can be mounted directly above the work bench wherezother measurit 
instruments are placed which permits observing the scale and instru: 
simultaneously. The accuracy of reading with objective reading may 

be quite as good as when reading through a telescope, the latter is 1 
accurate only when the power of the telescope is fairly high. In practic 
both methods can generally be considered equivalent. The objective method 
is, without doubt, much more convenient for the observer, especially f 
longer series of observations, and is very flexible if plane mirrors and ler 
are used rather than concave mirrors as the distance can be changed by 
simply changing lenses. The sensitivity of the method can still be increased 
by placing a stationary mirror opposite the rotating mirror and reflectir 
the light rays several times between both. For very precise measurement 
of angles, however, this method can only be applied for increased sensitivit 
zero deflection in observations, that is only for determining with increas 
accuracy whether the mirror is really at rest or not. 


3. Levets 

One general instrument for measuring angles must still be discusse 
more in detail due to its frequent application in connection with ot! 
measuring instruments. This is the level, an angle-measuring instrument 
or better, an instrument to adjust lines or surfaces in definite relations t 
the horizontal plane. In principle, levels are containers of suitable shap 
which are almost wholly filled with liquid except for an air bubble, ar 
for which a certain position of the bubble indicates the normal positiot 
the level. If the level is attached to any portable instrument then th 
adjustment of the latter so that the air bubble takes a certain positi 
gives assurance that the instrument always has the same position wit 
reference to the horizontal. 

Two kinds of levels are distinguished, box-levels and tube-levels. T! 
former kind is a circular glass container with a glass cover which 1s grout 
spherically with comparatively long radius on the inner side. the container 
is filled with a suitable liquid. Generally alcohol, ether, or easily movable 
and well moistening liquids are used, sometimes they are slightly colore 
For levels of lesser quality the glass box is glued on or placed in a met 
housing, better grades are made entirely of glass which, after filling 
sealed by fusion and put into a suitable metal casing. The sensitivity 
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levels varies, depending upon the curvature of the inside of the top. Box 
levels are generally of low accuracy. 

Tube-levels, which consist of a cylindrical glass tube ground spherically 
it one place on the inside are better. This grinding can be done much better 
ind more accurately with fairly large radius and, therefore, higher sensitivity 

f the levels results. The glass tube is generally provided with divisions 
so that small changes of angle can also be read. Usually, the division is 
made so that its value corresponds to a round number, for instance one 
second, which corresponds to a radius of curvature of the inside grinding 
of about 630 mm at 3 mm intervals. In general, the following mathematical 
relation exists, if p is the length of a division of the level with the arc a and 
R is the radius of curvature: p = Ra, a (in seconds) = 0.21 106 X p/R, 
a (in minutes) = 0.34 & 10! X p/R. 


Good tube-levels are, just as box-levels, wholly enclosed. The adjust 
ment in the casing which is provided for all better instruments is of im 
portance; it is accomplished as follows: the level is placed on a — 
plate which is fairly horizontal and can be adjusted by adjusting screws, s« 
that the level is parallel to two adjusting screws; by turning these screws 
the level is Geechee to zero position, and then the level is turned 180 
horizontally where very likely the bubble will no longer be in zero position 
This is accomplished by correcting half the deviation on the screws of the 
plate, the other half on the adjusting screws of the level. After again turn 
ing 180° the same is repeated if necessary, and so on until the same position 
of the bubble is obtained when turning the level; then both the surface 
of the line connecting the two screws and the base of the level are horizontal. 
The latter is the determining factor for the adjustment of the level. If, 
therefore, the level is placed on another surface and the bubble shows zero 
position, one knows that this surface is horizontal. Of course, this must be 
done in two positions differing by 90° horizontally in order to obtain a 
wholly horizontal position. 

The length of the buble in the level which, by the way, is always read 
at both ends (Fig. 20) depends to a large extent on the outside temperature 


for which reason special types of 

| (| | | | ) | | I levels are built, which contain a 
small special space at the end of the 

tube into which part of the bubble 
can be made to enter in order to ad 











Fig. 20. Re Pie f | 


just the latter to a certain sue 

It is often necessary to have at least an approximate indication as to the 
ogg of the level. A suitable arrangement can easily be improvised 

s, generally a special level-tester will not be at hand. This can be done 
by placing a sufficiently strong iron bar approximately horizontally so that 
the bubble of the level is adjusted approximately on the one end of the tube: 
then one end of the bar is raised so that the level is adjusted at the other 
end. The mean values of the displacement of the right hand and left hand 
end of the bubble are read on the division of the level, and also the length of 
the bar is measured from one end to the point of support, and the amount 
the bar was raised. An example will illustrate this: the level is placed on 
an iron scale of 1 m length. Position of bubble at the left end 0.2-4.8, 
average 2.5. The right end of the rule is raised by placing a 0.5 mm sheet 
under it, new position of the bubble, right end, 18.3-23.1, average 20.7 
Movement of the bubble therefore 20.7-2.5 = 18.2 divisions. The lattet 
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corresponds to an angle of 0.5/1000 expressed in arc, that is 0.0005 
known angle 1 equals 57.296°, therefore 1 1/57.296 0.01746, 
0.000291. The value of one division of the level is therefore 
0.0005 

7 minutes 
0.000291 


INSTRUMENTS BOOK SHELE 


The books reviewed in this section can be supplied by Instruments Book Shelf, Instrun 


Publishing Company, Pittsburgh, Pa. 








Die ELextriscHe Messtrecunik. II. Die Messungen an elektrischen n 
inen Transformatoren und Gleichrichtern. Prof. Dr. G. Brion. W 
de Gruyter & Co., Berlin, 1929. Cloth 414x6!4 inches, 120 pages 
figs. Price 75 cents. 

To condense into the space of 12 


Die OptiscHeE Werxstatt. W. Ewald. Gebrueder Borntrager, Be: 


1930. Cloth, 614x91% inches. 277 pages, 169 figs. Price 20 marl 


Tt 90K I f the v ker if 


t 
k for 


H 


RONTGENOGRAPHIE DER METALLE UND IHRER LEGIERUNGEN. M. C. \ 
burger. Ferdinand Enke, Stuttgart, Germany, 1929. Paper 6!9% 
inches, 66 figs., 110 tables. Price 25 RM. 


RGntgenog les Eis 


Das BETREIBSLABORATORIUM DER METALLGIESSEREIEN UND VERWAN 
BerrieBE. W. Claus. Wilhelm Knapp, Halle (Saale), Germany, 192 
Cloth, 614x9%4 inches, 88 pages, 154 figs. Price 7.20 RM. 

Part 8 of t series on iron, ste ir nonferrous foundry practi t } H rt Her 
W. Claus in h k ; ss gata 





INSTRUMENTS 


The Engineer’s Handbook of 


Industrial Instruments 
M. F. Béhar* 


CHAPTER II 
Industrial Temperature Instruments 


(Continued) 
Part 4—TEMPERATURE RECORDERS 
1. Scope of Part 4 


In the preceding parts of this chapter we covered the indicating ther 
mometers and pyrometers used in industry. This necessitated, under each 
heading, a more or less theoretical consideration of each principle of tempera 
ture measurement involved. From now on all theory can and will be 
dropped. Therefore we shall not repeat the explanation of how temperature 
is measured by each class and type of instrument. Nor can we continue to 
compare the advantages and limitations of each class and type of instrument 
with reference to its principle of temperature measurement. This part 
now deals exclusively with temperature recorders as recorders; explains 
how records are obtained; and describes the various kinds of records that 
can be obtained, and their uses. 


2. Advantages of Records 

The finest indicating thermometer or pyrometer is absolutely useless 
when not under the eye of an intelligent observer. Practically all of the 
temperature indicators “in actual use” in industry are out of actual use at 
ninety-nine percent of the time. How apparently extravagant! We even 
know of thermometers carefully selected and properly installed by compe 
tant engineers, and then left to unskilled operatives who don't read them, 
won't read them, can't read them or ignore their purpose. We—and you, 
average reader—have seen such thermometers that had become totally 
useless—broken, black with dirt, covered with dust, coated with whatever 
substance is used in the process, or otherwise unserviceable. They had 
been used when first installed: the operatives were guided by them at first 
but in the course of time they cannily learned how to “get by” without 
maintaining the One Best temperature which is necessary for highest 
quality or lowest production cost. 

The principal advantages of recorders over indicating thermometers and 
pyrometers are psychological. They relate to the human equation. A few 
illustrations** will bring out this all-important point. First of all let us 
repeat that for every process, there is One Best Temperature. Its main 
tenance depends on some man, whether his job is to work a valve or merely 
to watch an automatic device. The management generally provides him 
with the best available means of maintaining the one best temperature 

*Engineering E 4 as 
**From this point to the heading “Classif f Ten 


icatior per \ 
copyrighted literature of the C. J. Tagliabue Mfg. Co. But since tk 


associated with that Company, the f this matter 
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but that is not enough. Suppose a batch of material, which wa: 
processed at 185°F., is found damaged. Of two things, one is cert 
either the temperature was maintained at 185°, or it was not. If it was, t 
the instruction calling for 185° must be revised. If not, then either 
mechanical conditions failed, or the man was at fault. There is only 
conclusive way to tell—afterward—and that is by the charts of record 
on the apparatus and on the steam line. 

But that isn’t all—suppose the instructions call for holding at 185 


+ +} 


exactly one hour. Then, if something goes wrong, it is possible that 
correct temperature was maintained—but for too short or too long a pet 
Again, there is only one certain way of telling—and that is by the recor 


chart. 
In short, the purpose of a record is to tell what the temperature WAS 


as well as what it IS. 


workday’s t 
I. Tagliab 


io ted sctur ng 

By accurately reporting what the temperature was every minute of t! 
time it covers, a recorder chart can furnish an astonishing amount of 11 
formation on related matters. Here is a specific and typical example 
record covering one working day on one piece of apparatus. From th 
range of the chart (see Fig. 70) it is apparent that the apparatus is an ope! 
vessel where material is processed in aqueous solution at a boil. Actual! 
it is a dyeing machine. The chart shows that at 8 a. m. (a) the steam w 
turned on to heat the dye liquor in the dyeing machine and the valve 
manipulated that the “boil” was reached in one hour (a-b) and held for o1 
hour (b-c) in accordance with specifications. Steam was shut off for a fev 
minutes while the kettleman took a “swatch” (sample) to the foreman, w! 
compared it with the shade that the mill agent declared would be the | 
on Fifth Avenue next season, and ordered another half-hour of the b 
This was done (d-e). Steam was shut off at 10:45. The tub was drained 11 
fifteen minutes (e-f) and as soon as the bulb (located near the bottom of t! 
tub) was exposed to the air, the pen dropped to the room temperature 
70° (g). This was at eleven: by one o'clock the room temperature had 1 
to 80° (h). We next observe a sudden jump (i) for the machine was t! 
filled with fresh dye liquor at 120.° This is followed by a drop (j) whe: 
batch of material was entered. Another boil then began. Things did 1 
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go so smoothly as in the morning. It took two hours to reach the boil 
temperature, which could only be held for about a quarter-hour (kl). 
Evidently, the steam failed. The conversations between the kettleman 
and the boiler house don’t show but they can be imagined. At any rate 
the situation called for judgment, and he used it; in order to make up for 
the low average temperature, he lengthened the boil, and “the line that 
cannot lie” shows that he waited until 5:30 before turning off the steam. 
This action, so clearly reported, saved the material from being badly 
spoiled. The next day the superintendent read the whole story on the 
chart in less time than it takes to read it in print. 


Too much stress cannot be laid on the idea that when you buy a record 
ing instrument you are investing 1n a continuous service consisting of 
truthful reports on some important condition. You are subscribing to a 
reliable newspaper with a reporter that never sleeps. The value of one 
year's files of such a newspaper is inestimable. Think of any piece of 
equipment in your plant, in connection with which temperature must be 
watched closely. Endeavor to recall the number of occasions when the 
temperature was too high or too low, what these variations were, and what 
these variations were, and what the consequences were. If you have no 
recorder installed on that apparatus, this would be an impossible feat of 
memory. If, on the other hand, you have a recorder on that apparatus, the 
complete story is in your chart file—and it probably shows that the fluctua 
tions diminished, because their causes were discovered. A brief fluctuation 
may escape the attention of a man, but when a recorder is on the job this 
fluctuation is written on the chart and is there to stay. The man in charge 
of a process might truthfully report that every time he looked at the ther 
mometer throughout the day it read 150°; but a recording thermometer 
might show that 150° was maintained throughout the day, except for two 
periods of fifteen minutes each. In some manufacturing processes this 
would be quite sufficient to explain a spoilage of material. 


Without a recorder, the man in charge would feel sore at being con 
tradicted with no other evidence than spoiled goods, but the chart would 
prove to his own satisfaction that variations did occur when he wasn’t 
looking. 


There are so many chances for arguments in all industries among men 
who ought to be on the best of terms, that any means of removing some of 
these causes should be welcomed. This, too, is an important function of the 
recorder. Many a recorder in service has earned its cost over and over 
again by preventing discussions. 


3. Classifications of Temperature Recorders. 

The principal classification follows that of indicating temperature instru 
ments. Thus we have (a) recording thermometers and (b) recording 
pyrometers. In each of these two divisions one or more groups given under 
Indicators are here omitted, the reason being that no recorders are made 
which operate on the principle involved. For example there is no recorder 
corresponding to the common mercurial thermometer. In general, every 
indicator provided with a pointer traveling across a scale can be modified 
intoarecorder . . . and has been—the notable exception being the optical 
pyrometer whose scale-and-pointer indications are meaningless in its present 
form except when the human eye is used. 
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Recording thermometers are divided into three groups, as follows, 
we add references to the discussions of the corresponding indicating th 
mometers in Part 2 of this chapter, published in previous instalment 
this magazine 

(1) Pressure-Spring March, pages 168-176 
(2) Solid Expansion March, pages 177-178 
(3) Electrical Resistance March, pages 178-182 

Recording pyrometers are divided into two groups, and similar referer 
to indicators are given. 

(1) Thermeolectric April, pages 221-224 
(2) Radiation . May, pages 317-329 

While most of the statements made in Parts 2 and 3, with reference t 
indicators, are equally true of recorders, there are some exceptions. Mi 
exceptions will be dealt with under the respective group headings below 
one major exception deserves mention here: Under solid expansion indicat 
ing thermometers (pages 177-178) we rather depreciated these instrument 
The reason is that the majority of the makes on the markets are design: 
and built for cheapness and ruggedness rather than for accuracy. It 
happens that the solid expansion (bimetallic coil) recording thermomete: 
on the market are superior instruments. They are, of course, self-contain 
instruments. On the other hand, some of the statements made in Part 
and 3 are more applicable to recorders than to indicators. As a matter 


fact certain classes are made up almost exclusively in recording form ({ 


industrial purposes) and seldom as mere indicators. Examples: gas-f 
pressure-spring thermometers, potentiometric thermoelectric pyrometet 


4. Charts and Records. 

Before proceeding with descriptions arranged along the lines of the abo 
classification it must be pointed out, as of interest to practical engineer 
that from the standpoint of convenience there is another broad classificatior 
of temperature recorders: (a) round-chart recorders and (b) strip-ch 
recorders. Each has its advantages, each its limitations. And right he: 
we must call attention to the erroneousness of the prevalent idea that 
industrial recording thermometers (other than electrical resistance 
round-chart instruments and all recording pyrometers strip-chart ins 
ments. Most are, but notall. There are strip-chart recording thermomete 


tr 





INSTRUMENTS 


VSN" NNOD AUNEHZLVM “09 10 


~ 





USE FIRE ENDS STAMPED 25H 











available, and some round-chart pyrometers—including the Bristol round 
smoked chart instrument which has been made for more than a quarter 
of a century. 

All temperature recorder charts are “coordinate paper.” The c 
ordinates are temperature and time. (Transformation-point recorders, 
dilatometers, etc., requiring other co-ordinates, are not dealt with here). 
In round charts (Fig. 70) the temperature scale consists of concentric circles 
and the time divisions are “curved radii” or arcs whose curvature must 
correspond exactly to the path followed by the pen when swung. In 
strip charts the equaltemperature lines of the temperature scale run 
lengthwise, and the time-division lines run crosswise. These latter are 
curved (Fig. 72) when the record is made by the end of the galvanometer or 
thermometer pointer which swings in an arc. They are generally straight 
(Fig. 71) because most recording pyrometers embody a rectilinear writing 
or printing device. 

Charts are generally made of tough ledger paper. Parchment paper and 
other materials are also supplied. All manufacturers specify non-hygro 
scopic chart stock when buying their supplies. This is important because 
recorders are calibrated for standard printed charts with temperature 
scales of definite length. If the paper stretches, the temperature scale 
lengthens, and the temperature record is “off.” Some electrical recording 
instruments (pyrometers and resistance thermometers) are supplied witl 
translucent charts—the record being printed on the under side. The 
reason for this is generally that the instrument is so designed as to expose 
as much of the chart to view as possible and make the record legible with 
out delay. 

Some strip-chart instruments have an indicating scale running horizontally 
at the top—above the “now” portion of the strip chart. Roundchart 
instruments as a rule are not provided with such a scale—the scale on the 
chart serves as well and the pen-arm thus serves as the indicating pointer. 
(A notable exception is the new Uehling combination indicator and round 
chart recorder described below). We have used the expression “pen 
arm. It is so called in the non-electrical thermometers. In the electrical 
round-chart instruments it is usually called the pointer: it does not end ina 
fountain-pen and the record is produced otherwise than by “writing,” as 
will be explained below. (Again the Uehling round-chart potentiometer 
recorder is an exception. It has a fountain pen.). 
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Chart Scales and Sizes 

Round Charts—The length (in inches) of the temperature scak 
round chart is necessarily less than half the diameter. In general, the 
end of the scale is near the center and the upper end toward the ri 
space of 2bout half an inch is allowed at the rim for the time graduat 
and at the center there is a circular space for chart number, maker’s 1 
and notations. If the scale were to extend very close to the center the t 
divisions would be so close together as to impair the value of the rec 
This brings up the subject of selecting the proper range for a recorde: 
In addition to what was said above on this subject (in connection wit 
indicators) it is well to point out that the most easily read portion of a rout 
chart is toward the outer edge. An important case in point is a refriget 
application. The temperatures of greatest interest are those in the low 
portion of the scale. Therefore it is well to specify a recorder with “reve 
chart—the low end of the scale on the outside and the upper end o1 
inside-——as illustrated in Fig. 73. 


The larger the round chart the longer the scale; but the longer the cl 
the larger the recorder itself—and, of course, the higher its first cost. [1 
evitable! Also, a few dollars more for your plant’s monthly chart supp! 
Some engineers argue, “What's the use? The larger size has the same m 
ment with a longer pen-arm. It’s no more accurate.” Wrong! Not ot 
is a longer scale conducive to better temperature control but the larger si 
recorder (of the same make, say) is itself a better instrument. Let 
explain why: The instrument is no better in design, no better in materi 


used, but it is better in its final details of construction and calibration. Just 


as it is easier for the user to read to the fraction of a degree on the | 
scale, so is it easier for the men who complete its manufacture, down to t! 
final inspector: they can “see better” the effects of their manipulat: 


and adjustments. 


It all depends on the application. In some oil refineries the super 
intendents will not consider recorders smaller than 12” chart diamet 
On the other hand a handy light-weight self-contained recorder, like t 
new Bristol 4” chart “miniature” instrument, for example, finds eag 


markets in various industries. 


Recorder “‘size’’ does not always mean chart diameter—the latter bei 
invariably smaller when there is a discrepancy. This regrettable metl 
of listing and advertising goes back many years. Don't blame the present 
instrument company ofhcials: with every new model they are gradual 
abandoning this awkward practice wished on them by their fiercely cot 
peting fathers. As a matter of fact the logical “size” would seem to 
the length of the scale. Of two charts, each 9” diam., one with a 3 
scale will provide more legible records than one with a 24” scale. 

Fig. 74 shows a full-size section of a 12” diam. chart, the scale of whi 
(not shown fully owing to our page width) is 434” long. We have select 
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this particular chart for illustration here because of the emphasis on one 
temperature “zone.” A few years ago there were no such distinctive charts 
today several recorder manufacturers are creating dozens for the benefit of 
various industries where process temperature are standardized 

Strip Charts—The scales of strip-charts run from left (low) to right 
(high)—usually zero at the left edge. And right here we have the main 
difference. Practically all strip-chart recorders are electrical instruments 
the majority being recording millivoltmeters and only three being recording 
potentiometers. Chart width is only one of many factors. A manufacturer 
of round chart recording thermometers may make four sizes but each 
electrical strip-chart recorder manufacturer has selected one standard chart 
width for each type of his instruments. Another thing: various makes of, 
say, gas-filled bulb-tube-and-spring systems are so similar that fewer than 
a dozen men can tell them apart, but the various makes of electrical tempera 
ture recorders are strikingly different from one another in their inner design 
and construction. The high versus low resistance controversy was dwelt 
upon* in connection with millivoltmeter indicators. It is only one point 
of difference. Among others are the several methods of compensation for 
various effects, also described. In millrvoltmeter recorders the problems 
are intensified and it must be emphasized that every millivoltmeter recorder 
is a series of compromises. Pen-arm length, for example, is a trifling matter 
with a powerful pressure-spring, but pointer weight (increasing approximate 
ly as the square of the scale length) is a perplexing design factor in milli 
voltmeters. You can't say, “Other things being equal I want a strip chart 
with such-and-such a scale.’ Other things can't be equal. 

Yes, electrical temperature recording installations need more attention 
and maintenance than the others, but they possess important advantages, 
among them multiplicity of records, as was mentioned under indicators 
and will be discussed below. Having decided that your application needs 
records produced from (a) electrical resistance thermometer bulbs, (b) 
thermocouples or (c) radiation receivers, and that you prefer such records 
on strip charts, the next step should not be to select the best-looking ot 
most convenient chart, but the most suitable type of recorder—the type 
depending on the method of temperature measurement as described in 
Parts 2 and 3 of this chapter. As to make—do not rely on this Handbook 


Chart Speeds 

The rate of motion of a chart corresponds to that of the recorder clock 
mechanism. In recorders with round charts this speed is expressed in 
terms of revolutions. A “24-hour” chart is one designed for use in a re 
corder which revolves it in that period. 

Some standard revolutions for round-chart recorders are 4, 6, 12, 24 and 
48 hours, and seven days. These and other clocks are carried in stock by 
recorder manufacturers. It is possible to change from one chart speed to 


*INSTRUMENTS, April 1930, pages 225-226 
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inother by changing clocks. This is a simple matter in some case 
ilways requires extreme care in the final positioning of the chart axi 
reference to the pen-arm pivot. The majority of recorders revolv: 
charts counter-clockwise, so that a clockwise record is produced 
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Strip-charts come in rolls, usually a little over 20 yards long. This 1 | 

720 inches. The standard hour-line spacing is one inch, so that the u | 
chart is a one-month roll (32-days in some cases). One inch per hour is th 

standard rate of strip-chart motion—the direction of which is always dow1 | 

| 


ward for convenience so that the record reads “up”. The mechanism of : 
some strip-chart recorders lends itself to changing of chart sp 
Fig. 75 shows how this is done in the Brown recorder. The Esterli 

Angus Co. make electrical recorders with a magnetic gear-shift for 


>p 


speed. a 
i. Makiienen  souneciat, Multiple Records 
It often is desirabl : 

obtain two or more reco! 3 

on one chart. In most 

dustrial cases of this ki 

the need is for a temper 3 

ature record together wit 

a record of COs, or otl 

processing conditior q 

measurable magnitu 

These we may desigi 

as “combination record a 

By “multiple records” w 4 

mean two or more te! 

perature records. T! 

nomenclature is not offic: 

and is hereby proposed 
convenient to all 
cerned. 

A multiple record imp 
i plurality of primary 




















ine, 193 INSTRUMENTS Page 





ents such as bulbs or thermocouples. Pressure-spring thermometer bulbs 
re permanently connected; hence their records are continuous. Resistance 
thermometers bulbs, thermocouples and radiation receivers are usually con 
nected successively; hence their records are discontinuous, but the impress 
ions ate usually close enough together as to make each individual record as 
satisfactory as a continuous line for all practical purposes. Note that the 
several primary elements connected to one millivoltmeter or potentiometer 
must have the same temperature-emf relation. For example, a base-metal 
couple should not be connected to a millivoltmeter whose scale has been 
calibrated in degrees corresponding to the emf curve of a rare-metal couple 


1 
} 


Round Charts—Non-electrical recording thermometers may be made up 
with two or more pens, each actuated by a spring connected to a bull 
The “tube systems’ need not be of the same class and the bulbs may all 
be different, but the range of each must be within the chart range. As a 
rule, therefore, the tube systems are of the same class. Each is quite 11 
dependent of the others. The practical limit in regular instruments 
four pens—great number being “specials.” All pens are mounted co 
axially as shown in Fig.76. Each pen being continuously in contact with the 
chart, a dilemma is presented: either all pens are on the correct time ar 
(in which case they cannot cross), or else the pens can cross one another 
but in that case, all but one are either too long or too short. The result, 
in the latter case, is that an event affecting all pens at the same time, and 
immediately registered by four pens, for example, will show up as a record of 
four successive events, separated by time intervals which vary inversely 
with the distance of each pen from the center of the chart at that particular 
moment. In other words, a 3/5” linear departure which shows up 
five-minute time-error six inches from the center of the chart will appear 
as a fifteen-minute time-error two inches away from the center. This un 
avoidable effect is generally negligible,and can be remembered in interpreting 
the multiple records so produced. 


Strip-Charts—As many as sixteen temperatures may be recorded elec 


trically on one strip-chart, by one method, without difficulty and without 


inevitable confusion. The methods vary. Some mechanisms will b 
briefly described below under various electrical recordet 

One method does not depend 
on commutating devices but on a 


plurality of millrvoltmeters (two 








or three) arranged side by side, ‘4 Ae \ 
each writing a continuous record PA.” 

on its own part of the chart. (Fig. 4 : 

72). With this arrangement each Fs, ‘ 
millivoltmeter can be connected 2, T |? 

toa primary element of a class arr . 











different from the other or others. 
One may record the temperature 


























of a resistance bulb while another ’ 

records the temperature of a 
thermocouple(We might call such \ : 
recorders “duplex” or “triplex” S| de 























ind reserve the adjective “mul 
tiple” for a single meter commu 
tating to a number of primary 
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elements, but the term duplex is already used to designate a double recor 

two meters, two charts, one clock, one printing ribbon, etc., all in 

The various commutating methods involve an automatic multiple-swit 
which connects up the several primary elements in rotation. In additiot 
this switch there usually is an arrangement, working simultaneously, { 
identifying the various records. Each make has its own ingenious mecha 
ism. There are threads of different colors, ribbons of two or more col 
working like the familiar two-color typewriter ribbon but automatica 
shifting, print wheels with keys like typewriter keys which print dots o1 
asterisks and identifying numbers alongside of them, arrangements where 
various records consist of dots or dashes or distinctive combinations, et 

Such records being discontinuous, it 1s well to remember that the great 
their number, the longer the time-interval between two successive impre 
sions on each of the records. This time-interval for any one of sixteer 
records on a 16-point recorder whose period is one minute will be sixteer 
minutes. On a chart traveling at the customary speed of an inch an hour 
the corresponsing distance would be about a quarter-inch. This is worth 
bearing in mind. As a rule, therefore, multiple-point recorders are of tl 
greatest value for processes of long duration involving gradual temperatut 
changes with no possibility of sudden temperature changes, and in wh 
temperatures differ but are always in the same proximate relationship 

A bus-bar board is a useful accessory. It performs about the same dut 
for a multiple-point recorder that a selector switch does in an indicatin; 
system. When there are more thermocouples (or resistance bulbs or radi 
tion receivers) than recorder points, the operator selects those to be r 
corded, and by plugging them in on the bus-bar board keeps the records 
the ones desired. Or, the operator may plug in any one thermocouple 
two or more points to secure a more frequent recording. 

In addition to the identification of multiple records on one chart, t! 
recorder may be provided with a device indicating which primary elen 
is connected at any time. (Fig. 75). 
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Chart Ranges 

With recording thermometers the chart ranges need not start at a zero 
mposed by the characteristics of the measuring system. There are hundreds 
f stock charts to choose from, (long and short in degrees as well as in linear 
length of scale) and with convenient high and low points. Each class of 
system has its range limitations, and the vapor-pressure class, in addition, 
generally requires very “progressive” charts—-with graduations much 
closer together toward the low end than at the high end. Therefore it is 
well to choose a range in which the temperature of greatest interest will be 
near the top if the application is not one where the temperature may 
occasionally rise so much higher than the upper end of the range that the 
system will explode. 

Millivoltmeters give the best indications toward the upper end of the 
range—say between 65 and 85 percent of the total deflection. This has 
nothing to do with legibility of records on strip charts but with the selection 
of the range itself. 

Bi-metallic coil recording thermometers come in several convenient ranges. 
Characteristics have been given above. 


With thermoelectric pyrometers it is best, as a rule, not to specify a 
suppressed-zero range. The reasons are stated below under electrical 


instruments. 


5. Portable and Wall Models. 


Another broad classification of temperature recorders has reference to 
the availability, in addition to the usual wall models, of portable and of 
self-contained instruments. Not all self-contained recorders are portable; 
nor are all portable recorders self-contained. A portable instrument, when 
not self-contained, has a provision for neatly coiling up the connecting 
tube, and the whole outfit may or may not be carried in a special additional 
case. Any self-contained recorder can be carried from place to place, and 
to make it into a portable instrument all that is needed is a handle and (if 
round-case) a pair of legs. We refer, of course, to industrial instruments: 
A Weather Bureau “Thermograph” is self-contained but not portable. 


In the following list the letter W stands for “distance” wall model, P for portable with 
flexible tubes and bulbs, and SC for instruments with no connections outside the case (Note 


that the sensitive bulb of a self-contained recorder may protrude outside the case when it is 


desired to make the latter dust- and moisture-proof 


RrcoRDING THERMOMETER 
(1) Pressure-spring 
Mercury 
*“Xylene’* 
Vapor-pressure 
Gas 
(2) Solid Expansion 
(3) Electrical Resistance 
RecorpDING PyROMETERS 
(1) Thermoelectric 
(2) Radiation 


*Meaning all liquid-expans 
See March instalment, 
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6. Recording Mechanisms. 

Purposely, the foregoing pages have been devoted to the import 
records, to their various forms, and to broad classifications of the indust 
temperature recorders. It is in these things that engineers using this H 
book for practical purposes are primarily interested. The constructi 
various makes, while of equal interest to recorder users, cannot be 
into here, except incidentally as illustrating the subject at hand, « 
now is the construction of the various classes and types. 

Considering temperature recorders as temperature instrument 
classified them above into thermometers and pyrometers, with “gri 
within these two divisions. Consider 
ing them now as recording instruments 
(which we must in a discussion of mech 
anisms) we find that they fall into a 
different classification: 


(a) Pressure-spring 
Norelectrical 
(b) Bi-metallic spring 





(c) Millivoltmeter 
Electrical 
(d) Potentiometer 

Following a classification according to principle of temperature measur 
ment would lead to useless repetitions and possible confusion. 

The basic idea of a recorder mechanism is simplicity itself: a chart m 
ing in one direction, say vertically with time, and a pen moving across 
with degree of temperature. The chart is moved by a clock; the pen hang: 
on the end of a pointer; the pointer swings with temperature. The practical 
utilization of this idea by inventive genius for the service of industry is 
fascinating subject. Space restriction prevents doing it full justice. Mor 
over, since most recorders of the same class look alike on the outside 
square, round or pear-shaped case with a glass door through which you « 
read the chart) space will be saved also by omitting outside views with the 
single exception of a new instrument, of which the first announcement 
appears at the end of this article. 


+ 


(a) Pressure-spring 

This group comprises the great majority of recording thermometers, a! 
1s divided—exactly as in the case of indicators—according to the “filling 
of the “systems,” into four classes, to the characteristics of which eight 
pages were devoted in Part 2. This went into considerable detail not only 
with reference to temperature measurement, bulb materials and volumes, 
tube lengths, etc., but with reference to uniform and progressive scal 
and other topics affecting recorder design and construction. 

By far the most important recorder design factor arises from the necess 
use of printed charts. Every recorder using a certain chart must have a pet 
travel, with regard to temperature, exactly like that of the others. Accut 
is not enhanced by individually calibrated scales, each hand-made for one 
movement, but by individually calibrated movements, each adjusted to t! 
same given scale. Hence we find that on the one hand various parts 
quantity-produced with a high degree of uniformity, and on the other har 
the design is such as to make a number of adjustments possible not on} 
the factory but in service. 
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Fig. 81. Two forms 
mplete with pens 


Whether on account of differently trained personnel, or for some other 


reason, users of pressure-spring recorders will not even tolerate “constant” 
errors such as are not objected to by recording pyrometers users. Some 
manufacturers therefore provide several adjustable links and other features 
whereby it is possible to correct not only for errors in temperature indication 
but for agreement of pen travel with time lines, etc. 


Figures 80-82 show the “evolution” of the pressure-spring indicating 
thermometer into a recorder. Fig. 80 shows a spring (helical in this parti 
cular example) actuating a pen-arm which might as well be an indicating 
pointer, for no clock or other recorder appurtenance is shown. It belongs, 
however, to a recorder—a self-contained recorder for atmospheric temper 
ature. The tube end visible in the upper right corner is used for filling, 
and then sealed. Fig. 81 shows two styles of gas-filled movements. The 
longer spring, which deflects more per degree of temperature change, is 
used for short chart ranges; the shorter spring for long chart ranges. Fig. 
82 shows a mercury-filled system movement. Note the U-shaped bimetallic 
compensator for fluctuations in temperature around the head of the system. 
Note also the recorder clock—a spring-driven time-piece, which is the usual 
practice in pressure-spring recording thermometers. Fig. 83 1s a cut-away 
view of a complete mercury system recorder of a representative make, the 
following detailed description of which brings out all essential features 
found in all recorders of this class, and some applying to other industrial 
pressure-spring recorders. 

Operation—The movement of the heat-treated and seasoned coil 9, which opens or closes 
as the temperature at the bulb 18 increases or decreases, is transmitted (by link 4) to pen arm 
30, and pen 29 is thus moved radially over paper chart 11, which is revolved by clock move- 
ment 25. The link 8 isa bimetallic strip which automatically compensates against erroneous 
indications due to fluctuating temperature around the case. This simple arrangement has 
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the following advantages: (1) The pen arm is always pivoted at the correct center re 
the radiai lines on the chart, thus insuring correct time reading. (2) The pen 30°alw 
the same bearing pressure on the chart, just sufficient to make the ink flow freely 
pen is less affected by vibration when the pen arm is pivoted on a rigid support 

There is little friction in the movement, but if increased many times it would have 1 
on the accuracy of the indication, because the power developed by the coil is greatly in ex 
of that required to actuate the pen 30 against any small friction that may exist. A st 


prevents the pen from operating within the inner circle of the chart. 
Calibration—At times a recording thermometer may get slightly out of calibrati 
to long-continued use, or to being subjected to unusual strains or rough handling 
means that the instrument does not record correct temperatures, and the error is not ¢ 
at all points on the chart. Micrometer screw 2 permits moving a slide-plate 4 up or d 
the slot of the pen-arm support, thus furnishing a means of calibrating the inst 
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isily. When the slide plate 4 has been moved to the correct position, at which time the 
nen will record correctly at each point across the chart, the screw 36 is tightened, holding 
slide-plate 4 in a fixed position. This pen-arm support is graduated every five turns of the 
ilibrating micrometer-screw. Thus a new tube system may be constructed and calibrated, 

rwarded to the user with accompanying marked diagram, and be reinstalled by the user, 
vithout the necessity of recalibration. This is of particular importance to large users 
recording thermometers, who maintain central testing laboratories. 


Time Index—-When a new chart is inserted this small index, which is permanently 
ttached at the position of the pen point when at the outer edge of the chart, makes it possible 
) set the chart accurately, whether or not the pen point rests on the surface of the chart 

Also it helps determine at a glance the duration of a specific and essential time peri-d 


To Remove Chart—-Remove quick-turn chart hub 12, depress plunger 32, which lifts per 


rm by means of lifter 33 and simultaneously ejects chart from center arbor and clips, by mzans 


f forked ejector 26 and leaves the recorder free for clock winding and the insertion of a 


new chart. 


To Insert Chart—Place chart in position with arbor through the center hole. Set chart 


1 


for time by use of index , replace chart hub and slip edge of chart under clips 14. 


Clock Movement . . is provided with a regulator 24, to accelerate or retard its action; 
ind a starter 38 to start clock if necessary. 

Case—The door is mounted on a spring hinge, so that when closed and fastened by a 
spring latch, the felt packing is compressed tightly against the edge. This feature becomes at 
important factor when a number of charts are to be changed each day, and provides a moisture 
proof case, necessary to protect the mechanism. 


(b) Bi-metallic Spring 
These recording thermometers are self-contained, of course—the spring 
being the primary element and being directly connected to the pen-arm. 
Fig. 84 shows the principle. These instruments are used for recording 
atmospheric temperature. They could be used in drying ovens, etc., but 
long exposure to moderately high temperatures, while having no harmful 
effect on the metallic parts, and while not sufficient to injure the charts, 
would nevertheless gum the droplets of lubricants which are necessary in 
all clocks and other movements. Being individually calibrated for their 
charts after assembly, they are 
satisfactorily accurate — which Tee 
seldom can be said of the indica SS | 
tors utilizing the solid expansion 3 : eT 
principle. The spring being en | / 
closed in the case, this class of | 
recorder should not be used for 
rapidly-varying temperatures be 
cause of the thermal capacity of 
the case. Ventilation openings 
in the case reduce but do not 
quite do away with this lag. 


™~ 
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(c) Millivoltmeters 


The measuring circuits of resistance thermometers and of thermoelectric 
’b 
pyrometers have been described in Parts 2 and 3, as well as the principle of 


} 

radiation thermometry. Indicating millivoltmeters were also gone into. 
Of recording millivoltmeter movements it need only be mentioned that they 
are generally more rugged than the corresponding indicating movements by 
the same manufacturers. Under indicators there were illustrated various 
makes, and the features of others were mentioned. One finds a correspond 
ing variety of types in the recorders. Fig. 85 shows one special construction 
for use in a recorder. It is selected to illustrate this section, because that 
particular make (Thwing) was not mentioned at all under indicators. An 
interesting feature is that the weight of the coil balances the pointer, the 
down-bent tip of which is automatically inked by being depressed, between 
recordings, into a capillary-fed ink-well at the zero position of the pointer. 
The records are made by causing the pointer to touch the chart paper, the 
means employed being a depressor-bar above the pointer 





Pig. 87. Mechanism of n 
the double filament support typ 

it this can be increased to four per n 
matically re-rolled as used but can | 
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This depressor-bar (also called chopper bar) is found in practically 
cording millivoltmeters. It stays up, and allows the pointer to swit 
indica ting position, at all times except at the moment of recording, w! 
comes down and presses the pointer against the chart. In some instru: 
as in the one just described, the pointer itself is inked; in others the | 
makes a white dot on a smoked chart (which later is “fixed”’); in other 
pointer carries a tiny ink capillary; in others it presses a translucent 
against carbon paper. In these types the time lines are arcs, whetl 
chart is round or strip. In other instruments the pointer itself, 
pressed by the bar, in turn presses the chart paper against an inked tl 
or ribbon. Bar and ribbon are straight, and so are the time lines 
chart. Fig. 79 shows such an arrangement, also two other features 
sor bar combined with indicating scale, and cold junction compe: 
index (for thermoelectric pyrometer use) showing proper zero positio1 
pointer on open circuit. 

Figs. 86 to 88 bring out other features of recording millivolt: 


Needless to say, millivoltmeter recorder installations include 
modern features of temperature measuring millivoltmeters circuits 


s 
N) 


eu) Ale 


transmission cas¢ 
MM. Millivolemeter pointer 
Indicating scale and boom 

cam shoe. TT. Ribbon rewinc 
roll. Y. Stock chart roll 
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(d) Potentiometers 

Now we come to real machines: potentiometers are to millivoltmeters 
what sensitive scales are to spring balances, and recording potentiometers 
correspond to modern automatic and autographic scales—which in fact they 
surpass in ingenuity of mechanisms. 


The simple potentiometer circuit was explained above in connection 
with thermoelectric pyrometry. It was brought out that the opposing emf 
must be manually regulated by the observer until the circuit 1s balanced, 
when the reading is taken with no current through the sensitive galvano 
meter, which then is undeflected—1its needle at zero which is at the center. 
This regulation of potential is effected by moving a brush along a slide wire 
resistance. The position of the brush on the wire gives the temperature 

Now, the main requirement in the problem of designing a recording 
potentiometer is to make it self-balancing: whenever the galvanometet 
needle starts swinging to the right, the brush must be moved up the wire 
and scale; when it swings to the left, the brush must be moved down. Since 
brush motion must be proportional to needle deflection the needle itself 1s 
made to control a source of power which moves the brush. 

Instead of moving the brush, the wire itself may be moved 

Instead of rectilinear motion, rotation may be imparted. 

The same motion can readily cause a pen to travel across a chart: with 
ample power available, friction is immaterial. 

But the main problem is to utilize the feeble deflection of a needle, which 
a feather-touch or even a breath can seriously affect. 

Between 1897 and 1905 several European scientists solved this problem 
and made up self-balancing laboratory potentiometers. It remained fot 
American genius to produce industrial recording (and controlling) potentio 
meters. The first one was the Leeds and Northrup, for which the first 
patents were taken out in 1909 and which was fully developed within a 
few years to its now familiar form. The second was the Wilson-Maeulen 
(1929). Only these two were mentioned under potentiometers in Part 3. 
Since the publication of that instalment a third—the Uehling—has been 
brought out (May, 1930) and it is our privilege to present below its first 
public description. 

Descriptions of the action of the three recording potentiometers now 
follow. The manufacturers’ nomenclatures will not be changed.* 


(1) Leeds & Northrup. 

The relation of the instrument (the galvanometer) to the machine is 
strikingly brought out in Fig. 89. The galvanometer assembly (filament 
suspended moving-coil, magnet, etc.) is shown held above its normal 
place. This suggests independence or interchangeability, which is also a 
feature of several modern industrial millivoltmeter recorders but with the 
important difference that you can't interchange the moving coil, the 
magnet, or both, in a millivoltmeter without having to re-calibrate, whereas 
in any potentiometer the calibration is not affected. In L & N literature 
where this same photo appears the caption says that the ‘“‘sensitive direct 
ing finger” is easily removed and replaced. Good name! 

*It seems to ‘the author, however, that it might be a good idea, in speaking of electrical instruments, to use the 
term “needle” in connection with a detecting galvanometer, and * pout nter™ in connection with a measur ing sy stem 
This may appear trivial until one remembers that the needle of the galvanometer in a true null- = xd potentiometer 
does not travel over a temperature scale. Its function is to indicate a state of unbalance , this state of un 
balance is proportional to temperature variations, and in the semi-potentiometer the ‘gal an meter is BF V 


ith a scale graduated in degrees of temperature. In that case, we believe, the moving’coil system should n 
called a galvanometer but a millivoltmeter. 


> he 
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Fig. 89 

If the reader has never seen an L & N recorder, Fig. 89 seems at first glanc 
a complicated mechanism, and Fig. 91 might make him give up the desire of 
Don’t give up—compact it is, but not complicated. The action is simple and « 
stood without going into minor details of construction. Fig. 90 shows the en fn 
whereby the deflection of the “directing finger’ is made to balance the circuit s 
galvanometer is undeflected when a record is made on the chart 


Mechanical power has to be employed. It comes from the motor shown under the 
wrist in Fig. 8), and passes through the worm gear train, also visible in that photo, t 
The galvanometer system 7 swings about the vertical axis 7S. Its pointer, not 
in the L & N woodcut, can be seen attached to the bottom of the coil. When the 
is balanced this pointer lies directly under the space between the ends of the two] 
levers 4L and 4R. Nothing happens, except that shaft 6 keeps on turning. The cams 
it carries, cannot do anything which will alter the relative position of the slide wire 
contact, nor which will move the pen (or print wheel) across the chart. The record 
a straight line, showing unchanged temperature—whatever the degree 


But how did the pen or print wheel get to its place? The answer is implied 11 
scription of what happens when the temperature rises or falls, causing a temporary) 
of unbalance: 


Shaft 6 revolves at a speed of about 30 r. p. m. Every two seconds or so, cam 6B 1 
rocker arm 5. In its “low” position this arm does not touch the pointer, but as it 
picks up the pointer and lifts it a small fraction of an inch—always the same distar 
its mid-arc position the pointer rises between levers 4L and 4R; in any other posit 
causes one lever or the other of these levers to rotate. (They are pivoted at bot! 
marked 24E.) With the pointer deflected to the left, 4L is rotated and its lower enc 
2C and swings the arm 2, connected to disk 1 by a clutch. Disk 1 does not mov 
it is disengaged from 2 at this moment, by the action of cam 6C. But now, as shatt 
tinues to rotate, cam 6B allows rocker arm 5 to fall and then cam 6C allows 1 and 
engaged. Whatever rotation is now imparted to 2 will equally rotate 1 


1 


The next action is that of the large cams 6E, which straighten out 2 and in 
rotate 1. The angular movement is proportional to the pointer deflection 


On the same shaft with 1 are the slide resistances R and DE, Fig. 29,* which ar 


*See page 231, April INSTRUMENTS 
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the circumferences of the disks visible 
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SuipE WiRE 
STANDARD CELL 








couples, when 0.1” of scale corresponds to 4.5°F. This recorder is used with re 
thermometers, in which case the electrical circuit takes the form of a Wheatstone bri 
described in Part 2, and the scale can be opened until the entire range corresp 

2 KR oe ee ; 
is 3.6°I The zero of the scale can be adjusted to correspond to 
scale may be put within any range of temperature desired 
ment is readily apparent.* 


2) Wilson-Maeulen. 


The most evident feature of this recorder is the wide chart—12’ 
a scale 11” long providing “the greatest width of record of any temper 
recorder.” (214 times as long as that on the largest round record 
thermometer chart.) Another obvious feature is the external locatior 
the motor drive, allowing a group of recorders to be operated together 
one drive unit. In the mechanism the principal feature is that the rec 
pen and slide wire contact brush are integral. The following is substant 
extracted from the Company’s literature and descriptions.** 

The record is immediately in sight as soon as made, and hangs vertically in vie 


diately behind the glass window. The pen never lifts from the paper, and the re 
therefore, continuous without interruption. 

This recorder can be supplied with a chart speed of 34” per hour, 114” 
per hour. 

Changes of temperature at the thermocouple cold junction are automatically compet 
for in the instrument by the same electrical method employed in Wilson-Maeulen indi 
Tapalog recorders, and automatic temperature controllers.*** 

The sprocket at one end of the paper drum is adjustable as to distance from the 
and the drum can thus be accommodated to any great variation in the chart pa 
atmospheric conditions. 

The check switch lever is located outside the case. Replacement of the galvanon 
easily done. The standard cell is easily disconnected and replaced. The pen may | 
without moving it from its holder. 

All parts of the mechanism inside the case are slow speed. The entire mec! 
easily reached for either cleaning or oiling. 


*This description (in small type) is a composite affair: author's ov 
L & N Direction Book and the last two paragraphs adapted from Bu 
a ling an article by Frank Moore in the Review of Scientific Instrument 


nclucing 
***See Fig. 26, p. 229, April INSTRUMENTS 
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The method used to bring ab 
result of galvanometer deflection, is 
the article), “arm” is periodically locked in its steady position by clamping the arm betweer 
friction-faces. Two ratchet arms, carrying a roller rat 


is is called 
1 one enc -ach, are pivoted 
scissors-fashion on the internal hub of an annuallarl; 
they oscillate in opposite directions and 1 of the galvanometer 
arm clamp. Two release arms, the lower ends of which are pivoted approximately co: xial 
with the ratchet arms, keep the rollers of the roller ratchets 
inner surface of the drum rim as they move to an 
ities projecting beyond the drum rim 
r undeflected position, the release arm extremities move from t 
mn of the galvanometer arm to the center, or undeflected positior 
right angle to the plane of deflection, without causing drum rotation 
When the galvanometer arm is clamped in a deflected positior 
f the release arms, depending upon the direction of 
corresponding roller ratchet to engage with the drum 
f the angle of travel of the ratchet arm, the angle of rotation beir 
gle of deflection of the galvanor During the return travel of the het 
the beginning of which it is automatically released from the drum by > 
it picks up the release arm, thereby putting the roll 
tory to a repitional excursion of the ratchet arms 
A slide wire, located in proximity and transverse to 
attached to a Carriage to which 1s also att iched the pen 
f which is wrapped on the recessed drum, is guided by 
parallel to the sl 


1e axis of which 


1d in synchronism \ 


1 fro with the ratchet arms, tl per extrem 
When the galvanometer 
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Fig. 93 


Fig. 92 is a view from above showing the galvanometer, which is of the taut-susper 
type, with its moving coil with attached arm 7 in a deflected position. The forward narr 
portion of the arm, of pressed duralumin, rectangular in section, is attached to the 
broad thin spring tongue of phosphor bronze, so that vertical movement of the tip of the 
vanometer arm is not imparted to the galvanometer coil. The clamp bar 2, shown inat 
position over the tip of the galvanometer arm, is built up of two plates of bakelite | 
the sides of the metal portion, as shown in Fig. 92, the lower edges of the bakelite pr 
below to form two parallel clamp surfaces. The extreme left end of the metal portior 
clamp bar forms the socket of a ball and socket swivel that acts as the hinge for the clam; 
Near the right end, attached with two screws is a small hardened steel plate, with 
edge that engages in a V slot in the cam operated lifter arm 3 which raises and lowers 
of the clamp bar. When the lifter arm moves downward the tension of the spring atta 
to the downward-bent extreme right end of the clamp bar keeps it from rotating et 
until clamping actually occurs, when the clamp bar, acting under the tension of the spr 
is free to seat both of the clamp surfaces firmly on to the galvanometer coil arm. The 
member of the clamp, the stationary block beneath the pointer, is grooved longitudin 
that it presents to the galvanometer arm two clamping faces which are at all times direct 
below those of the clamp bar. Parallelism of the surfaces clamping the galvanometer 
assured by the adjustable ball and socket swivel. Thus by clamping the galvanometer 
at two separated places along its length between two pairs of parallel surfaces, the effici 
of clamping is greatly increased over that of a single pair of clamping surfaces. It is w 
of note that the clamping faces are smooth and unbroken from one extent of the galvan 
arm deflection to the other. 

Previously mentioned (under “the method used"’) are two release arms 
with a roller ratchet mechanism. The extremities of the release arms, projecting bey 
ratchet drum, are shown at 6 and 6 Fig. 92. These extremities of bakelite, and the 
release arms to which they are rigidly attached, will, hereafter, be termed “‘sensing fir 
In the position shown, the sensing fingers are at the extreme outward travel; that is, th 
moved their maximum distance away from the undeflected or center position of the g 
ometer arm. In Fig. 92, the galvanometer arm is shown deflected from its center p 
but unclamped. When it is clamped in the same deflected position, and the sensing f 
have moved inwardly, the one on the left will have uninterruptedly completed it 


isso 
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left to right and from right to left, depending upon the direction in which motor M is 
ing. A marking pen 6 is fastened 
igainst a clock-driven chart 7 so that a record of any variation in the positior 
will be recorded 

The galvanometer G, Fig. 96, is located in the relay box, Fig. 95. The pivoted 
the siaunainea forms part of a circuit which includes a thermo-couple C, a resist 
and that part of the potentiometer wire between wheel 3 and connection 15. A 
current flows through wire 2 from a battery 8 so that by actuating the motor M in or 
tion or the other to change the position of wheel 3, the drop in potential 
between wheel 3 and connection 15 may be adjusted to balance the emf of 
The motor may be operated in one direction or the other depending upon w 
mercury switches 27 and 28 is closed. Switch 27 is agers to a tiltable fr 
when the frame is tilted by an electromagnet M2 the circuit through the switcl 
closed and when the frame is in its untilted position the circuit through it will be 
mercury switch 28 for operating the motor in the opposite direction is similarly fa 
tiltable frame Y actuated by an electromagnet M1 


On the same tiltable frame with switch 27 is also fastened a mercury 


switch is included in the circuit with magnet M2 and is so fastened to frame 
the frame is tilted by magnet M2, the circuit which includes the switch 
will be open and when in its untilted position, the circuit will be closed. Similar 
same tiltable frame with the switch 28, is fastened a mercury switch 25. This 
included in the circuit with magnet M1 and is so fastened to frame Y that when 
is tilted by magnet M1, the circuit which includes the switch and the magnet 
ind when in its untilted position, the circuit will be closed 

The circuit which includes switch 21 and magnet M2 also includes resistance R 
17 of the galvanometer, a contact piece 18 “we a mn, yes 20, while the circuit which i 
switch 25 and magnet M1 again includes resistance R and needle 17, and al 
19 anda hese 24. It will be noted that resistance R is included in three circuits; 
circuit which includes needle 17 and con tact piece 18, 2nd the circuit wake § inclu 
needle and the contact piece 19, and 3rd _ the circuit which includes the coil 11, the 
and the potentiometer. It is this fact which eliminates the necessity of auxiliary mé 


forces to insure electric contact between the needle 17 and either of the contact 


and 19 
To illustrate the part which resistance R plays, let us assume that the emf of « 
just slightly in excess of the drop across wire 2 between wheel 3 and 
will deflect the needle to the right and cause a delicate contact between the needle a 
piece 19. Due to the high electrical resistance which always accompanies a delicate 
ae “current” which fl 
ween the needle 


I 
) the sliding support which carries wheel 3 


soac 


piece is insufhcient t 

magnet Ml. Regardless 
ninuteness, however, this 
causes some drop in | 
across resistance R. Thi 


causes an electric flow 


coil 11, couple C and 
tiometer. The polarity « 

24 is such that the flow thr 
coil 11 ascaused by the dr 


. ] + 
R is in the proper directi 


force the needle tighter 
the contact piece 19, lecré 
thecontact resistance and 11 
ing the flow through magn 
ind resistance R. This in 
flow further increases the 
across resistance R, whi 
creased drop further increas 
flow through coil 11 with 
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tension between the nee 
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eedle and contact piece 19 still further i 


reases the flow through magnet M1 and re- 
istance R witha resulting still greater te sion 
vetween the needle and the contact pi 
In other words, as soon as there is the 
lightest contact between needle 17 and con- 
tact piece 19, the pressure which the needle 
xerts against the contact 


piece will con- 
inue to increase until there is sufhcient 
irrent flowing through magnet M1 to tilt 
frame Y. The tilting of the frame break 
the circuit in switch 25 thus de 

magnet M1 and permitting frame ? 
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witch 25. If needle 17 still touches < 
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couple. The needle will then again assume its normal position as illustrated, thi 
switches 21 and 27 will no longer rock, and motor M will stop. Pen 6 thus moy 
direction or the other in proportion to changes in the couple emf, while chart 7 
the pen travels is calibrated in corresponding temperature units 

Variations in the temperature of the cold end of the thermocouple are compensate 
a resistance 9 composed of a material with a high temperature coefficient. The current 
ing through the resistance is supplied by a battery 31 of the proper polarity to effect 
for any change in cold end temperature, the cold end being located in proximity of the 
ance. The drop across the resistance at a predetermined normal temperature for tl 


end is balanced by the drop across a constant resistance 14. The current which flows thr 


potentiometer wire 2 and resistance 14 is so small (only a few milliamperes) that ar 


dry cell will provide the necessary continuous and constant flow for a period of tw 
more with little or no adjustment. The same applies to battery 31 which supplies the 
through the resistance 9. 


Equipment embodying the Self Contact Method is manufactured by the UVehlir 
ment Company under F. F. Uehling patents. 


The Next Development 
Each of these three recording potentiometers seems to come pretty 

to electrical and mechanical perfection but the author, somewhat acquaint 
with what is being done in designing certain instruments not related 
temperature, cannot resist the impulse to set up as prophet and to pre 
that a further development is coming. The development may or may 1 
be an improvement—except in one important respect: There will be 1 
contact with the galvanometer needle which will always swing fre 
without touching anything . . . and without being subjected to magnet 
drag or other distance force. The discussions regarding “proportiot 
and “‘step’’ methods of restoring balance (and of effecting automatic conti 
as will be discussed in Part 5) will probably have no more ground to fi 
on. The answer? LIGHT! The shadow of the needle, or a reflected 
as in present laboratory galvanometers, will actuate the self-balanci 
mechanism, and with it the recording device or automatic control relay 


t 


Care and Maintenance of Recorders 

The author has received direction cards and books from the majority 
manufacturers, and has read them all, comparing one another. So thorough!) 
are all important points mentioned that nothing is needed in such a Hat 
book as this. 


Utilizing Expansion of Equipment 

The temperature of rotary retorts, 10 ft. diameter and 75 ft. long, at the 
New Brunswick low-temperature carbonization plant of the Internatiot 
Carbonization Co. is recorded on instruments developed by the Shallcro 
Control Systems Co., which utilize the huge shells as expansion the! 
mometers. In order to correct for atmospheric temperature, each recorder 
is actuated by the differential expansion of the inner and outer shells. Th 
novel principle—making the equipment its own thermometer—deserv: 
consideration with regard to other applications. 


Signalling Devices 

Indicating and recording temperature instruments can be provided wit 
contact points whereby signal lights are flashed or electric bells rung 
predetermined degrees. If, instead of these signals, electric relays are inti 
duced to operate valves, etc., the instruments are in reality automat 
controllers and belong in the next and final part of this Chapter. 
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NEW INSTRUMENTS 


Recently Developed by Instrument Manufacturers 


Write Information Section, Instruments Publishing Co., Pittsburgh, Pa., for additional 
information. 








Pattern 30 Microfarad Meter 


HE Jewell Electrical Instrument Company has developed a Microfarad 
Meter which is available in a number of forms. The instrument con 
sists of the well known Jewell Pattern 30 A. C. Switchboard Instrument, 
with a scale that reads direct in microfarads. This Pattern 30 has a 7” 
circular steel case with a very large scale opening, and a scale length of 5” 
The instrument 
is available in two 
forms: one is the 
regular __ front-of 
board type switch 
board instrument 
with standard 
switchboard lugs 
at the rear of the 
meter; the other 
method of mount- 
ing uses the same 
style of case, but 
the case is mount 
ed on a pedestal 
at an angle of ap 
proximately 45 
degrees. Binding 
posts are supplied 
at the rear in place 
of standard switch 
board studs. 
This instrument 
is furnished with 
3 types of point 
ers: the standard 
large size spade 
pointer used with switchboard instruments, a lance tip pointer, or a knife 
edge type pointer. 





MICROFARADS 





\N SERIES Wity 
yours Creve 






waotiN USA By 
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The capacity of this instrument is somewhat restricted. Individual 
meters can be furnished to read any desired capacity at center scale from 
approximately .1 to 10 microfarads. Due to the crowding of the scale at 
both ends of the arc, the usable part of the scale is limited to the second 
and third quarters, where the divisions are well separated, and the scale 
can be easily read. 
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Meters to measure more than one capacity can be furnished over such 


ranges as: 
3 Microfarads 
§ Microfarads 
1.0 Microfarads 
ofarads 


rofarads 


icrofarads 


This method of measuring capacity depends on the frequency and voltage 
of the test circuit. The frequency of light and power circuits is now held 
within such narrow limits that errors due to frequency are entirely negli 
gible. The voltage of the test circuit must be held at some predetermined 
value. Errors in capacity indication due to voltage will be directly propor 
tional to the variations in the voltage of the test. 

Since these instruments are frequently furnished for inspection work 
when large quantities of condensers of the same capacity are to be tested, 
they are furnished wirh scales particularly fitted for quantity production 
work. For example: one type of scale is furnished to check but one capa 
city, another type is furnished for checking 2 values, and still another type 
is available for general use. The general purpose scale is not so practical 
for rapid inspection testing, since the presence of so many divisions on this 
scale make it most difficult to read. 


SO 


Changes Made in General Electric 
Watthour Meter 


EVERAL changes in its mercury-type direct-current watt-hour meter 
(Type HS-11) have been announced by the General Electric Company. 


] 


Provision has been made for periodic renewal of the mercury. The cup, 





now made of metal, is built as one unit 
complete with rotor and mercury and is 
easily replaceable; this removes the necess 
ity for dissembling and cleaning the met 
cury chamber. The voltage characteristic 
of the meter has also been improved. For 
uniformity of appearance the meters are 
furnished in the rectangular case used for 


other General Electric switchboard devices. 


The shunted meter is particularly well 
adapted where first cost, panel space or 
bus limitations are of major importance 
Its principal advantages arise from the fact 
that it can be operated from a shunt, and 
the heavy bus structure need not be 
carried directly to the meter. 
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Pattern 574 Service Voltohmmeter 


(Jewell Electrical Instrument Corp.) 


HE Pattern No. 574 Service Voltohmmeter has been designed especially 
for the service man or tester who depends on voltage, resistance, o1 
continuity readings in making his tests 


The instrument consists of a three and one-half inch face, Bakelite case 
meter mounted on a panel, together with three jacks for terminals and three 
push buttons for controlling the ranges of the meter. A 4.5 volt battery 1s 
mounted below the panel 
for use in making resist 
ance and continuity 
measurements. The pan 
el is mounted in a case 
giving the instrument 
overall dimensions of 
215x4x714 inches. An 
elastic band around the 
case provides very sat 
isfactory means for hold 
ing test leads furnished 
with the instrument 
when not in use. 

The case is supplied 
with smooth surfaces 
and rounded corners, so 
as to avoid the scratch 
Ing or marring of any sut 
face onto which the in 
strument may be placed 

The meter has two 
scales; the upper scale 
reads in ohms directly 
from 0 to 100,000. This 
range can be decreased 
to one-tenth of this 
value by using the right 
hand “LOW RES,” but 
ton. When this button 
is pressed, the value of the resistance being measured is one-tenth of that 
indicated on the scale. 





The lower scale reads in voltage directly from 0 to 300. This range can 
be decreased to 0 to 30 volts by using the “30 VOLTS” button and dividing 
the readings obtained by ten, or it can be increased to 0 to 600 volts by using 
the 600 VOLTS” button and multiplying the readings obtained by two 


The push buttons are of the locking type, that is, they may be locked 
down by pressing the button and rotating it slightly. The white bar on 
the surface of the button indicates whether the button is in the “up” or the 
‘pressed’ position. The white bars will be vertical when the buttons are 


“up.” 
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To use the instrument as a voltmeter, place either end of either test lea 
supplied in the “WOLTS” jacks and use the free ends of the leads to connect 
to the circuit under test. The reading obtained is on the 300 volt scale 
If below 30 volts or more than 300 volts, press the “30 VOLTS” or the 
‘600 VOLTS” button to change the range for more accurate readings. 

For convenience in testing, the red lead should be connected to the jack 
marked +’. With this connection of the test leads the points touched 
with the red lead are positive with reference to points touched with th 
black lead when the meter reads forward. The reverse is true when the 
meter reads backwards. 

When used as a voltmeter, the meter has a resistance of 1000 ohms per 
volt on each of its ranges. 

To use the instrument as an ohmmeter, place either end of each test lead 
in the “OHMS” jacks and use the free ends of the leads to connect to the 
circuit under test. The reading obtained is on the ohms scale. If below 
2000 ohms, press the “LOW RES.” button and divide the reading obtained 
by ten. 

To use the instrument as a continuity tester, connect the leads as for the 
ohmmeter. With this connection, the 4.5 volt battery, which is inside the 
instrument, is connected in series with the meter and the ““OHMS” jacks 
The meter reads 4.5 volts full scale. A short circuit or a very low resistance 
circuit should give approximately full scale deflection, while circuits which 
are continuous but of higher resistance will give correspondingly smalle: 
deflections. When the “LOW RES.” button is “up,” the current for full 
scale deflection is 1 milliampere and the resistance of the circuit being tested 
for continuity is indicated in ohms on the ohms scale. When the “LOW 
RES.” button is pressed, the current for full scale deflection is 10 milliam 
peres and the resistance of the circuit being tested for continuity is indicated 
in ohms by dividing the reading on the ohms scale by ten. 

The Pattern No. 574 is supplied complete with test leads and battery 
The test leads are so arranged that either end of the lead may be inserted 
in the jacks on the instrument. This allows either the long tip or the short 
tip to be used, depending on which is most convenient in connecting to the 
circuit under test. The battery should be replaced when shorting the 
“OHMS” jacks does not produce full scale deflection to the right by two 
divisions or more. The voltage of a new 4.5 volt battery is generally over 
4.5 volts. Hence, with such a battery in the instrument, something overt 
full scale deflection to the right will be obtained when the “OHMS” jacks 
are shorted. 


er 


Connelly Iron Sponge & Governor Co., Chicago, IIl., has taken over the 
manufacture and sale of the Lamphier Caloroptic, a B.t.u. indicator, formerly 
made and sold by Rossiter & Co., Inc., New York, N. Y. 


— 


The Brown Instrument Company, Philadelphia, Pa., announces the con 
solidation of its Chicago Sales Office and Midwestern Factory Branch in 
new quarters located at 155 East Superior Street, Chicago, Illinois. Practt 
cally double the former space has been provided in line with the growth of 
business throughout the Middle West, and a large stock of re placement 
material is carried on hand ready for prompt shipment. 
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A. P. C. Opacimeter 


(American Photoelectric Corp.) 














HE operation of this instrument is based on the same principles as those 
embodied in the A. P. C. photoelectric spectrophotometer*, but as its 
ipplication is limited its operation is very simple. 
The construction of the instrument and its method of operation are such 
that determinations of Opacity are independent of the color and surface 
reflection characteristics of the material being tested. 
All readings are made electrically so that errors inherent to visual ob 
servation are wholly eliminated, and the instrument is operated in daylight 
or under artificial illumination, which increases the facility and speed with 
which determinations can be made 
The instrument is unique in that readings are independent of 


The voltage to the illuminating lamps 


b. The spectral distribution of the color emitted by the illuminating 
lamps. 


c. The color sensitivity curve of the phi toelectric tube 


d. The grid-voltage plate-current characteristics of the amplifying 
tubes. 

















The instrument is accurate to within 0.5%, and anyone experienced in 
its use can easily secure check readings within 0.2%. When it is considered 
that even a high quality of paper may vary more than 3% in opacity 
through a given width in the roll, it is readily seen that this instrument may 
be useful in the control of the manufacturing process 


*Instruments, Fr 1930, pages 145-147 
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In order to secure results that will be directly comparable over long per 


tested either are quite dry, or else that they have been stored under identical 
conditions of temperature and humidity. The research on papers that re 
sulted in the development of this instrument proved conclusively that their 
opacity factors varied with fluctuations of the absolute humidity of the 
atmosphere in which they had been stored. 

In addition to measuring the opacities of papers directly in percent on a 
scale where the difference between black and a block of magnesium carbon 
ate illuminated through the sample equals 100%, it also is possible to evalu 
ate combinations of different papers and inks merely by the substitution of 
the paper itself for the magnesium carbonate block. This will be easily 
understood from the following description of the method of operation based 
on the photograph. 

The sample is slipped under the two clips on top of the round metal disc 
so that the circular orifice therein is completely covered. A reflector coated 
with magnesium oxide is under the round metal disc, and illuminating lamps 
not visible in the photograph, are equally spaced within the reflector. A 
photoelectric cell is located under the small tube that projects through the 
reflector towards the circular orifice in the round metal disc. 

A 6volt battery is connected to the two terminals at the right of the 
round metal disc. This supplies the energy required by the illuminating 
lamps within the reflector through the switch above the terminals. 

The two switches adjacent to the potentiometer knobs marked ZERO 
and 100 are set at their ON positions. This completes the circuits to the 
amplifying tubes and connects the biasing batteries into their circuits. 

The lock on the galvanometer in the upper left-hand corner is released 
so that the indicating needle can move, and the dial of the Kohlrausch slide 
wire bridge in the upper right-hand corner is set at zero by turning the knob 
located between the dial and the nameplate. 

The sample is covered with the black lined box shown in the upper right 
hand corner, the illuminating lamps are turned off by the switch adjacent 
to the two terminals, and the galvanometer needle is brought to rest at its 
zero by turning potentiometer knob marked ZERO. This establishes the 
0% point of the scale on which the capacity is measured. 

The black lined box is then replaced by the magnesium carbonate block 
seen in the upper right-hand corner, the illuminating lamps within reflector 
are turned on by the switch adjacent to the two terminals, the dial of the 
Kohlrausch bridge is set at 100, and the galvanometer needle brought to 
rest at its zero by turning potentiometer knob marked 100. This establishes 
the 100% point of the scale on which the capacity is measured. 

Now, with sample still illuminated, the magnesium carbonate block 1s 
replaced by the black lined box, whereupon the galvanometer needle, unless 
the sample is 100% opaque, will be deflected to its minus side. The gal 
vanometer is then brought back to its zero by turning the knob on the 
Kohlrausch bridge, and the opacity of the sample is read directly in percent 
on the bridge dial. 

Less than a minute is required to make an opacity determination. 
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Graphic Instruments 
(Roller-Smith Company) 
OLLER-‘SMITH graphic instruments are built into a light but very 


rigid metal base, the cover of which may be instantly removed, making 
the insertion of new rolls, the filling of ink well and other adjustments very 
convenient. To facilitate still further the making of adjustments which 
must be made when the instrument is in service the clock and chart mechan 
isms and the electrical mechanism, as well, are mounted on a common sub 
base which is hinged on one side of the main base. This sub-base can be 
unlatched and swung outwards as shown. With the cover removed and 
the sub-plate swung open the operator can inspect every portion of the 
electrical and mechanical mechanisms with the greater facility and with 
out the necessity of getting close to adjacent apparatus, a highly important 
point to consider in switchboard installations. Alternating and direct 
current instruments are alike as regards case, base and clock mechanisms, 
the sub-base being drilled differently to accommodate the various A. C 
and D. C. movements. 

















The D. C. ammeter and voltmeter mechanism is an exceptionally sturdy 
high torque d’Arsonval type of construction. The moving element bear 
ings are extra large size Ceylon sapphire jewels. The A. C. movements are 
ot the dynamometer type of mechanism in which the field windings are 
mounted on a bakelite form. Highly efficient damping is secured by means 
of an aluminum disc passing between poles of powerful magnets, the 
principle used successfully for many years in watthour meters. Direct 
current ammeters are furnished with external shunts. All A. C. ammeters 
and wattmeters are of 5 amperes capacity and are designed for operation 
with standard current transformers. 
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The pen of the Roller-Smith graphic instrument can be removed from the 
instrument in two or three seconds time without the aid of tools and with 
out the need of any extraordinary care. The inkwell, likewise, can be 
removed from its support by a single turn of a lever. It is not necessary, 
however, to remove the inkwell in order to refill it as a small lid on the top 
may be pushed aside and the well filled without disturbing the setting of 
the pen or any other part of the mechanism. 

All graphic instruments are furnished regularly with gears for 5 speeds, 
namely, 34,” 114,” 3,” 6” and 12” per hour. They have the strip of chart 
5” wide with 414” scale. Chart is 75 ft. long. Average net weight is 
30 lbs., average shipping weight 100 lbs. 

——— 


Self-Contained Ohmmeter for 
Radio Servicemen 


(Jewell Electrical Instrument Corp.) 
HE Pattern 89 Ohmmeter, designed especially for radio service work, 
consists of a high grade direct current instrument mounted on a base 
of molded Bakelite, which carries a 11% volt flashlight cell.. The Pattern 
89 is therefore independent of external voltage supply. 

Adjustment to correct for variation in the cell voltage is provided by a 
magnetic shunt, operated through a screw from the outside of the case. To 
provide accurate results the binding posts 
are short circuited before tests are made, 
and the pointer adjusted to the top of the 
scale at the zero point by manipulation of 
the screw. This places the instrument 
in correct working order, and resistance 
placed across the binding posts is accu 
rately indicated on the scale 

Since the adjustment to compensate 
for voltage variation may be made each 
time a series of readings are taken, the Pat 
tern 89 is usually more accurate than 
voltmeter and ammeter for similar work 

Current drawn from the standard flash 
light cell is exceedingly low, being less 
than 30 milliamperes where the instru 
ment reads to 1,000 ohms, and consider 
ably less in high resistance instruments 
With ordinary use the battery will last 
several months, and may readily be re 
placed by removing the 4 screws from the 
base of the instrument. 

For radio service work, this instrument 
is particularly desirable because of its very rugged construction. It cannot 
be burned out if no external voltage is applied; it can only be damaged by 
extreme abuse. When used in conjunction with data supplied by set man 
ufacturers, this instrument will be found ideal for continuity and resist 
ance tests. 

In railway signal service many measurements on apparatus such as selec 
tion of correct relay coils and ballast resistors, may be made with a Pattern 89. 
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New Société Genevoise 


Micro-Indicator Support 
(R. Y. Ferner Company) 

























HE new micro-indicator stand is built to meet the high requirements of 
the accuracy which is possible with the microindicators which read to 
1/10000” per division and are guaranteed to 1% of their range of 0.006.” 
The base and column of the stand are of very heavy construction. The 
column supporting the micro-indicator is 2” in diameter and the total weight 
of the stand exclusive of the 
micro-indicator and the various 
accessories 1s 48 lbs. 
The table for supporting the 
pieces being tested is 5 by 7” in 
area and is made flat throughout 
within less than 0.0001”. This 
table is provided with six T slots 
which serve for securing in any 
position on the table 2 angle 
plates which may be so placed as 
to limit the position of the pieces 
being measured or of a V block 
2'4"x 144x138" for the support 
of cylindrical pieces, as shown in 
the illustration. One face of one 
of the angle plates is 234 x 238” 
and the other is 1” x 234.” The 
other has faces 1” x 234” and 
"x 234”. Both faces are 
slotted for the bolts by which 
they are secured on the table, sO 
they may be placed in either 
position, whichever happens to 
be best for the pieces to be in- 
spected. Or, by means of the T 
slots, any special fixtures for 
supporting the pieces during 
inspection may be attached to the table. 

The micro-indicator is supported in a heavy arm secured to the column 
by a strong clamp which permits turning the arm through any angle over 
the plate, according to the best position in which to place the work pieces. 
The axis of the micro-indicator is 334” from the face of the column. 

Since the swinging of this arm would be prevented by use of a rack and 
pinion for vertical adjustment of the micro-indicator to a zero position 
over the standard gage at the beginning of the inspection, a fine adjust- 
ment is provided on the arm itself, for raising and lowering the piece hold 
ing the micro-indicator. This is operated by a large composition head on 
the end of the adjustment screw. The fine thread of the screw serves to 
make the zero setting of the indicator an easy and accurate adjustment. 
When this setting has been made a clamp can be applied to the slide to 
prevent any further movement. 





s 
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To accomodate pieces of extra large area or having a shoulder or other 
projection which would otherwise interfere with suitably placing the 
piece on the table, an adjustment of the table forwards from its central 
position is provided, by which the table may be set forward 34”. This 
would make it possible to balance flat pieces as large as 12” in width or 
diameter on the table for measurement. The vertical capacity of the ap- 
paratus is 6” when using the spherical contact point on the micro-Indicator 
As the holder of the spherical contact point slips over the end of the contact 
plunger of the micro-indicator and this contact plunger has a hardened 
flat contact point at its end, the capacity can be increased to 614” when the 
spherical contact point is removed. 

With the help of the 2 angle plates and the Vee block, without use of 
special fixtures, the apparatus may be used for checking the 3 dimensions 
of flat blocks, the diameter of cylindrical pieces, the outer diameters and 
thickness of rings and ball or roller races, the diameters of steel balls, the 
major diameter of screws, the thickness of thin sheets or ribbons of material, 
or the diameter of wires and rods. 

An added use of the stand may be had by the use of an adapter in the 
supporting arm to hold a micrometer microscope instead of the micro 
indicator. The fine vertical adjustment of the holder will, in this case, 
serve for focusing the microscope on the object to be examined or measured, 
while the larger adjustment of the arm up and down on the vertical column 
will serve to adjust the microscope over pieces of several inches thickness, 


the limit depending on the working distance of the microscope objective used 


Datagraph 
(Frank P. Fahy) 


A test data form and graph sheet in one, designed for research and gen 
eral test use and the compilation of reports. 

This new test sheet is printed on high-grade 81” x 11’ unwatermarked 
Bond and blueprints exce'lently, thus inexpensively solving the exact copy 
problem. Margins are provided at the left and top to suit different binding 
and filing methods. 

Datagraph was developed to fill a need long felt: an arrangement of test 
results and corresponding graph or graphs on the one sheet, thus giving 
compactness and solving the filing problem. Its design and the selection 
of the legends printed thereon are such that the one form will cover an 
extremely wide range of test use. 

The data spaces, not including headings and sub-headings, number 128. 
By the use of the guide marks indented on the form this number of spaces 
can be expanded to 288. The graph section measures 10 x 17 cm., gradu 
ated in centimeters and millimeters. 

Datagraph is supplied in black (grayish-dark) and dark green printing. 
A space is provided at the top center of the sheet for such imprinting as may 
be desired. 
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Optical Bevel Protractor 


(Bausch & Lomb Optical Company) 


HE optical bevel protractor is used for turning out the most precise 
work—where the usual protractor would not be sufficiently accurate. 
Yet it can be used wherever the usual protractor is used. 

It has an accurately machined base on which the main body is hinged. 
The body can be swivelled by turning a thumb screw. The level vial 
may be accurately positioned around the circular hole in the center of the 
instrument. As the head is turned, 
on the top of the instrument the 
worm drives a_ graduated dial 
within the instrument. A _ lever 
holds the worm in mesh with the 
graduated dial and by loosening it, 
the dial and vial can be quickly 
shifted 

The dial itself is graduated to one 
sixth of a degree and every degree 
line is designated by a number 
The graduations are observed 
through the eyepiece, which so 
magnifies the spaces between the 
graduations that a vernier can be 
read with ease to within one minute 


for gross settings. 





of arc. 

To determine the relation of an inclined surface to a level surface the head 
of the worm shaft is turned until the dial vernier reads zero when observed 
through the eyepiece. Then the instrument is placed on the level surface. 
The thumb screw is turned inclining the body of the instrument relative 
to the base until the air bubble is central. This adjusts the instrument to 
compensate for any deviation from a true level of the surface on which the 
instrument has been set. 

The protractor is next placed on the inclined surface to be inspected, 
which of course must lie in the same direction in which the zero setting was 
made the lever is loosened to disengage the adjusting worm from the gradu 
ated dial after which the vial and the dial are turned as one unit by means 
of the vial handle, until the air bubble is once more approximately centered. 

The lever is then turned and the head and the worm shaft revolved 
until the air bubble is truly central. Now by reading the setting of the 
vernier through the eyepiece, the angular relation of this surface to the 


first surface can be determined. 
ee 


Optical Centering Level 
(Bausch & Lomb Optical Company) 


igs setting up cylindrical work on a milling machine, much time is often 
spent in obtaining an accurate alignment of the cutter with the axis 
of the work and in checking this alignment. With but little practice a 
set up can be made with the aid of the centering level within a fraction of 
the usual time. 
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The instrument has a short horizontal vee and a long vertical vee 
Above the short vee is a level vial, the 
air bubble of which is observed to deter- 
mine the accuracy of a set up. In pre 
paring to make a set up such as is illus 
trated, the centering level is placed on a 
machine table using the short vee as 
base. If the table is not altogether level 
the air bubble of the instrument, will, of 
course, be off center an amount that i: 
readily determined by the graduations 
on the vial. 

After the work has been properly 
set up and the cutter mounted on the 
arbor, the horizontal vee is placed on the cylindrical work with both sides 
of the vertical vee in contact with the cutter tooth. The cross slide of the 
machine is then operated backward or forward until the air bubble assumes 
the same position as when the vial was placed upon the table. A check 
to assure that the axis of the vee is perpendicular to the arbor axis is made 
by repeating this on the opposite side. 

When this position has been obtained, the center line of the cutter 
teeth is in alignment with the axis of the work. In cases where the table 
is level, the air bubble of the device will, of course, be central in the vial 
when the work and cutter are correctly set up. 

The same principle is used in setting up milling cutters, saws or drills. 





Special Design Manometer 


(Meriam Company) 


The illustration shows a special type of U-tube mercury 
column manometer designed to measure pressures up to 50 
lbs./in.2 is open to the atmosphere—or complete vacuum. It 
can also be suitable for measuring differentials on line pressures 


; up to 500 Ibs./in.2, The special construction shown is designed 

to eliminate the difficulty sometimes met with in attaching large 
precision instruments of this kind to the connecting pipes. { 

Since the principle of a manometer depends upon the differ 

ence of liquid level in the 2 arms of the U-tube produced by 

the difference of pressure between the 2 ends of the tube, it is 

evident that the arms must in this case be about 100” high. In 

order therefore to permit the manometer connecting union on 

the pressure side to be brought out at the middle instead of the 

top of the instrument, the upper part of one of the arms is 

omitted, and the pressure tube is connected to the usual gas 

keted union to a point a little above the normal zero line of the 

liquid. The other arm of the tube, being open to the atmos 

phere, needs no pipe attachment. This of course makes a 

neater and less expensive pipe job. 
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CHECKING PYROMETERS & THERMO- 
COUPLES. Direct maii piece on the Treasure 
Chest—a potentiometer for checking pyro 
meters. Thwing Instrument Company, 3339 
Lancaster Ave., Philadelphia, Pa. 

GAS SERVICE JOURNAL. The April issue 
of this publication contains: New Orleans, The 
Cresent City, and Gas; Energy, Wild or Tame 
Pittsburgh Equitable Meter Co., 400 Lexing 
ton Ave., Pittsburgh, Pa. 

ENGINE INDICATOR VALVE. Bulletin 
1266. Leaflet illustrates and briefly describes 
the Maihak Indicator Valve. Bacharach 
Industrial Instrument Co., 700 Bennett St., 
Pittsburgh, Pa. 

KNOCK TESTING APPARATUS. 
leaf folder describes and illustrates the knock 
testing apparatus developed by the Ethyl 
Gasoline Corporation Engineering Laboratory 
723 E. Milwaukee Ave., Detroit, Mich 

METERED COMBUSTION CONTROL. 
Leaflet entitled ‘‘Load Distribution is Flexible 
illustrates the flexible regulation of the L & N 
combustion control. Leeds & Northrup 
Company, 4901 Stenton Ave., Philadelphia, Pa 

MICROAMMETER. Leaflet contains index 

to general catalogue. Sensitive Research 
Instrument Corp., 142 E. 32 St., New York, 
New York. 
OPTICAL PYROMETER. Leaflet illustrates 
and describes self-contained storage battery 
disappearing filament pyrometer. This is 
printed in German. Hartmann & Braun, 
Frankfurt a/M., Germany. 


POTENTIOMETER PYROMETER. Leaf 
~ lets illustrate the ease of operation of L & N 
4 potentiometer pyrometers in Steel Mills, Malle 
able Annealing Plants and Chemical Plants 
PRECISION LATHE. Bulletin 18 gives 
detailed descriptions, illustrations and prices of 
complete line of 18’’ geared screw cutting 
precision lathes and attachments. South Bend 
Lathe Works, 426 E. Madison Street, South 
Bend, Indiana. 
RING BALANCE. Leaflet describes and 
illustrates the H & B ring balance for measuring 
4 pressure and volume. This is printed in English 
Hartmann & Braun, Frankfurt a/M., Germany. 
TECHNICAL INSTRUMENT BULLETIN. 
The March issue of this publication contains 
the following: Dark Ground Photographs of 
Living Micro-Organisms; A New Vertical 
, liluminator; The Creation of a Microscope 
Objective; An Early Microscope Illuminating 
System. Emil Busch Optical Co., Ltd., Dia 
mond House, Hatton Garden, London E. C. 1, 
England. 


Loose 



































MEASURING TOOLS. 
gives information on _ the 
Goodell-Pratt Co 
Goodell-Pratt Co 


400 page cata 
pr ducts 
Complete Catalog 
Greenfield, Mas 


WATER WORKS JOURNAL. The March 
issue of this publication contains: The Advan 
tages of the Metered City in Dry Periods 
Heat Waves; Emergency) ruck and 

: Trencher of the Portlanc 
Pittsburgh Water Service is $65,000,000 Enter 
prise; Incinerator Plant at Niagara Fall 

Pittsburgh Equitable Meter Company, 400 
Lexington Ave., Pittsburgh, Pa 


IMMERSION PYROMETER. Bulletin 
No. 528 illustrates various models of the Pyro 
Lance [liinoi esting Laboratories, Ink 
141 West Austin Ave., Chicago, Il. 


X-RAY AND THE FOUNDRY. 
discusses nature of X-rays and describes equip 
ment Kelley-Koett Mfg. Co., Inc., Covington, 
Kentucky 

TESTING SIEVES. Catalogu 
“The Profitable I 
information on 
Tyler Co 





Bulletin 


53 entitled 
se of Testing Sieve includes 
various products of W. S 
Cleveland, Ohio 


METERED COMBUSTION CONTROL 
Feature 14 is devoted to the automatic iniet 
valve and fan speed control; Feature 15 covers 
the electrically operated drives Leeds & 
Northrup Company, 4901 Stenton Ave 
Philadelphia, Pa. 


WYE LEVEL. 52 page 
instructions on how to use the Sterling’ con 
vertible Wye level, elphia model 40 
Warren-Knight Co., 136 North 12 Street 
Philadelphia, Pa 


FLUXMETER. Leaflet describes the Grassot 
fluxmeter for the measurement of field strength 
of permanent magnets Cambridge Instru 
ment Company, Inc., Grand Central Terminal 
New York, N ‘ 


TORSION DYNAMOMETER. Leaflet 
covers principle of operation, application and 
advantages of the Bamag torsion dynamometer 
This is printed in German. Berlin-Anhaltische 
Maschinenbau A.-G., De u, Germany 

GAS ANALYSIS. List 144 describes the 
electric gas analyser and covers a number of 
the applications: Fixation of Atmospheric 
Nitrogen, Liquid Air Industry, Measurement 
of sulphur dioxide, organic vapors, oxygen in 
feed water, carbon dioxide in fruit stores 
hydrogen in submarines, humidity, et¢ Cam 
bridge Instrument Company, Grand Centra! 
Terminal, New York, N. Y. 


booklet 


gives 
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SURFACE PYROMETERS. List 194-S STEAM FLOW METER. Direct 
illustrates a number of m odels and their appli piece gives information taken from Bullet . 
cation Cambridg Instrument Co., Grand 162 on Steam Flow Meters Foxboro ( 
Central oon nal Nev w Ye N. ¥ pany, Foxboro, Mags 
ELECTRIC FLOW METER INSTRUC- HIGH SPEED ENGINE INDICATOR 
TION BOOK. 10 page booklet, 8 x 10 in« hes Leaflet describes an engine indi ator for speeds 
explains the mechanism of the v ari ous ty up to 2500 per minute. This 1s printed 
of Brown flow manometers, indicators ad German. Lehmann & Michels, Abt. I, Har 4 
recorders. It gives instructions for installing burg-Altona, Germany 
the equipment, adjusting the instruments for MEAN PRESSURE INDICATOR. Leaflet 
zero readings and changing the range tubes describes the Geiger Pi-Meter, an becekurinaast 
Brown _Instrument Company, 4482 Wayne for determ g the mean indicated pré Riera 
Ave., Philadelphia, Pa piston eng This is printed in Germar 
VITREOUS-ENAMELED RESISTORS. Lehmann & Michels, Abt. I, Hamburg-Altor 
GEA-1238 gives dimensions, watt ratings and Germany. 
resistance ratings. 18 pages. General Electri WATER WORKS JOURNAL. The Apr 
Company, Schenectady, N. ¥ issue contains the following articles Tul 
oo « ul a 
FLUE G ae ANALYZERS. Catalogue TSE Okla. Water Supply; Saving and Making 
30 covers flue gas analyzers and portable com Money by Accurate Metering of Water ( 
bustion test set — Hays Corporation, sumption; Building an Ultra-Modern Water 
East Sth Street Mi igan Cit Ind Supply System for Bridgeport Pittsburs 
THERMIONIC VOLTMETERS. List 911 Equitable Meter Company, 400 Lexingt 
illustrates and describes various models Ave., Pittsburgh, Pa. 
Cambridge Instrument Co., Grand Central MICROSCOPE OBJECTIVE. 20 page book Y 
Terminal, New York, N. let is entitled ‘‘The Creation of a Microscoy 
ALTERNATING CURRENT INSTRU- Objective in the Tathenow Works of the Er 
MENTS. List 162 contains information on Busch Optical Company. Emil Bu Optica 
inductance standards low inductance re Co., Ltd., 37 Hatton Garden, London, : ngland 
sistances, condensers, vibration galvanometers, RELAYS. Loose-leaf folder gives data and 
high frequency galvanometers, thermionic installation diagrams of contact relays, relay 
voltmeters, frequency meters, capacitance sets, instrument controlled relays » ot tats 
bridges, et« Cambridge Instrument Co., and series relays Struthers Dunn, In 139 
Grand Central Terminal, New York, N. Y North Juniper St., Philadelphia, Pa 
A supplement to List 162 gives some methods INSTRUMENT INVESTMENT NEWS. 
of measuring inductance, capacitance and The May issue of this period.cal contains t 
resistance. following: Temperature Control of Cott 
HYDROGEN-ION MEASUREMENTS. List Meal Cooking; Instruments in the Oil | 
108 furnishes information on the principle of Consolidated Ashcroft Hancock Co Ir 
operation and on the models available. Cam Bridgeport, Conn 
bridge Instrument Co., Grand Central Termi MEGOMER. Bulletin 195 shows the inter » 
nal, New York, N. ¥ nal construction of the Paragon Megohr 
VOLTOHMMETER. Form 3030 describes Herman H. Sticht & Co., 21 Park Row, New 
the Service voltohmmeter for the radio service York, N. Y. 
man or tester Jewell Electrical Instrument NAVIGATION LIGHTS. Leaflet illustrat 
Co., 1650 Walnut Street, Chicago, Il these lights, also gives a brief descriptior : 
LIGHT RELAYS. Leaflet 20412 contains Pioneer Instrument Company, 754 Lexington 
detailed information on the light relay, a Ave., Brooklyn, N. Y. 
photo-electric light-sensitive device, operated GAS MEASUREMENT ENGINEERING 
by variations in light intensity. Westinghouse The May issue of this periodical contains 
Electric & Mfg. Co., Newark Works, Newark, Two Recent Developments in Metering 
N. J. Equipment; Protector Type Siphon Gauges 
CHECKING POTENTIAL TRANSFOR- and A New Application of Westcott Orifice 
MERS. Circ. 7160b-G is entitled ‘‘Should Meters. American Meter Company, 105 We 
potential transformers be checked?" Leeds & 40th Street, New York, N. Y. 
Northrup Co., 4901 Stenton Ave., Phila SCOTT TESTERS. Loose leaf folder 
delphia, Pa describes a calculating attachment for tensile 
LOAD RECORDERS HELP DISPATCH- tester, single strand yarn tester, comb 
ERS FOLLOW LOAD SCHEDULES. Cir automatic power yarn and cloth te 
7200b-G illustrates the L & N recorder for graph, and combination tester for yarns, tw 
recording remote load. Leeds & Northrup Co., cloth, paper, et Henrv L. Scott Co., Pr 
4901 Stenton Ave., Philadelphia, Pa dence, R. I 
4) 
' 
| 
oo) 
THE MERIAM Co | 
e 
: ss > 
Madison Avenue at W. 112th Street 
Cleveland, Ohio j 
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SCHOPPER 


Precision Testing Machines 


“STANDARD THE WORLD OVER” 


For Testing ALL MATERIALS 


Abrasion 
Absorption 
Bending strength 
Bursting strength 
Density 

Detrition 
Elasticity 
Elongation 
Expansion 
Fatigue 

Folding endurance 
Freeness 


Hardness 
umidity 

Impact strength 

Moisture content 

Permanent set 

Porosity 

Shock 

Speed 

Tensile strength 

Thickness 

lorsion resistance 


Weight 





Write for Descriptive Literature 


H. Z. SCHNIEWIND 
New York, N. Y. 


Sole Agent U.S. A. and Canada 


72 Duane Street 


Registered 
Trade Mark 

















NEW 


SPENCER wets’. 
No. 38 


A pronounced Example of a Micro- 
scope built for a definite purpose under 
the careful direction of two men emi- 
nently fitted to wisely guide in its con- 
struction: Dr. E. M. Chamot and Dr. 
C. W. Mason of the Laboratory of 
Chemical Microscopy, Department 
Chemistry Cornell University. 

Its presents a number of important 
improvements in Construction and 
Manipulating Convenience’ 

Catalog M-39 features it. 


SPENCER LENS COMPANY 


Manufacturers 
Mic roscopes, Micromes, Delineoscopes, Re- 


fractometers, Colorimeters, Spectrometer Etc. Etc. 





SPENCER BUFFALO, N. Y. SPENCER 
New York, Boston, Chicago, San Francisco, Washington 





When writing to the above company, please mention INSTRUMENTS 
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CURRENT LITERATURE REVIEW 


Abstracts on instruments and devices for measurement, inspection and control 


The Technology Department, Carnegie Library, Pittsburgh, Pa., will furnish photostats of 
material abstracted here. Negative prints are 35 cents per page, plus 10 cents for mailing (first 
class). All orders should be paid in advance. The library is not responsible for loss in mails 








GENERAL 
Physical Society’s Exhibition. III-V Electrical Review, Jan. 31, 1930, pages 226-228: Feb. 7 
pages 267-268; Feb. 14, page D 
Descriptions of electrical instruments and scientific 
An Electrical Telerecorder. A. H. Avery. |} 
Describes author's system for distant 
water level, pressure, temperature, « 
upon variable int 
alternation of 


§24-32 


apparatus which were on display M 
ectrical Review, Jan. 24, 1930, pages 157-159 
recording of measurements of steam flow 
dry ystem, the action of which depend 


uated in an alternating magnetic field. An 





ctive effects in a trans 
plane of the rotor coil when it 





is ‘within influence of the stator field results ir 
inductive e.m.f.’s in the rotor windings proportional to the sine of the angle of rotation. Voltag 
values dependent upon the angular position of the rotor can then be transmitted with little error 
owing to the minute current dealt with. Full 


julpment consists of a static transformer, volta 
integrator, and indicator-recorder M.S 


LENGTH, AREA, VOLUME 
Ames Dial Micrometer. American Machinist, Feb. 6, 1930, page 281. 
A micrometer hav 


regulator, transmitter 


ng 2 dials, the smaller reading in 0.1’’ and the larger in 0.001’’ has been placed 
on the market by the B. ¢ Ames Company, Waltham, Mass. One division on the small dial 
marks one complete revolution of the 


hand on the hand on the large dial. The range of the micro 
meter is up to 1 R AY 
“United”’ Dial Caliper. American Machini 


t, Feb. 20, 1930, page 351 


rhis caliper uses an Ames dial indicator graduated to read in 0.01’ up to 2.”’ 





One arm is detach 
able to perm.t replac.ng w-th a spec.al arm to su.t the requirements of the work R. H. P 
Device for Measuring Taper Holes. Ha urry W. Clifford American Machinist, Feb. 27, 1930 
page 384 


Describes a device for measuring the large diameters of taper holes in ring gages, dies, etc. If 
properly made it will check work within 0.0002 By a slight change 1n construction the instrument 
an be used for making external measurements R. H. P 
Electric Precision Gage of Great Accuracy. Machinery, Feb. 1930, page 435. 

This instrument can be operated by an unskilled operator and measurements to 0.00005’’ 
be made. The gage is operated by the changing of the reluctance of a balanced, differential, alternat 
ing-current circuit, which in turn, operates a direct-current ammeter through a small rectifier \ 
smooth, rounded diamond point mounted on a single lever arm, changes the reluctance of the coil 
in the electric circuit in proportion to the differences in diameter of the piece being gaged.—-R. H. P 
Multiple-Cutter Die for Graduating Micrometer Sleeves. Machinery, Feb. 1930, page 469 

\ die designed to cut the 25 graduations on the tapered end of the micrometer sleeve.—R. H. P 
Progress Towards Legal Recognition of a Precise Inch Standard. William FE. Bullock. Scientif 

Paper, American Institute of Weights and Me 
The present status Is discussed 


may 


sasures, Jan. 1930, 13 pages 


SURVEYING & NAVIGATION 
Some Recent Developments in the Design and Construction of Surveying Instruments 
Connell. Instrument World, March 1930, pages 297-300. 
The developments made by Cooke, Troughton & Simms, Ltd. are described 
Bibliography of Surveying and Allied Subjects. Allgemeine Vermessungs Nachrichten, Dex 
1929, S pages; Jan. 29, 1930, 8 pages 
Lists articles appearing in the current literature 


Bibliography of Surveying and Allied Subjects for Years 1928 & 1929. 
sungswesen, Jan. 1, 1930, pages 67-73 


List articles appearing in the current literature 


W. H 


Zeitschrift fuer Verme 


SOLID, GRANULAR & POWDERED MATERIALS 

Windsifter for the Determination of Grain Composition of Dust Like Materials (Windsichter z 
Bestimmung der Kornzusammensetzung staubfoermiger Stoffe Dr. H. W 

trie Zeitung, Feb. 14, 1929, pages 247-249 
The apparatus is intended to meet the increa 
grain size of cement, powdered coal, dyes 
is limited to 60 and elutriating cannot be 
which is illustrated and explained 
material due to liqt 


r 


Gonell. Tonindus 





sed demands of industry for the determination of 
metal dust, filling material for rubber, etc. Screening 
applied in all cases. The new apparatus, a wind-sifte! 
goes down to smalier particle size has no influence upon tl 
lids or drying and is independent of temperature.—E 


LIQUIDS 
Depth Gage for Measuring Liquids. Elton Sterritt. American Machinist, Jan. 2, 1930, page 20 
Twenty-two caliber cartridge shells are forced into holes bored at a 30° angle in a wooden measur 
ing stick. These holes are at 4’ intervals. The cartridge shells will fill to the depth of the liquid 
in the tank. This method is especially useful in the case of a volatile liquid which evaporat 
rapidly from a ordinary measuring stick.—R. H. P 
New Instruments, and Equipment to Control Water Consumption. (Neue Geraete und Einrich 
tungen fuer die Betriebsueberwachung von Wasserversergungsanlagen.) G. Eggers. Sieme 
Zeitschrift, Dec. 1929, pages 835-845 
The article considers the 
lators for additional fluids 
switch board.—G : 
Liquid-Storage Gauge. Electrical Review 
Brief description of the “‘Nivex’ 
container 





measurements of water volumes, regulators for filters, quantity reg 


and the electric regulation of dampers in water tubes from a centr 


Jan. 24, 1930, page 187. 
gage, which records the exact quantity of liquid stored 1 


Principle of the system is that the pressure required to expel the liquid in a tube insert 
in a vessel-is proportionate to the depth of liquid in the tube.—M. S. 
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Comparators 
Amplifying Gauges 
Thickness Gauges 
Depth Gauges 

Thread Lead Gauges 
Pitch Diameter Gauges 
Cylinder Gauges 

Paper Gauges 


FEDERAL 


DIAL INDICATORS 


Fabric Gauges 

Rubber Gauges 

Tap Comparator Gauges 

Gear Toote Comparators 

Cutter Testing Gauges 

Internal and External 
Grinding Gauges 





Federal Products Corporation 


Providence, R. I. 
WESTERN BRANCH; 7338 WOODWARD AVE., DETROIT, MICH. 











PRECISION INSTRUMENTS /for 
AUTOMOTIVE LABORATORIES 


AIR FLOW INDICATORS 

FUEL FLOW INDICATORS 

SLOW MOTION STUDY EQUIPMENT 
MULTI CYLINDER ENGINE INDICATORS 


COMMERCIAL ENGINEERING LABORATORIES 


Makers of Fine Instruments 
4612 WOODWARD AVENUE 





DETROIT, MICHIGAN 

















Electrical Measuring Instruments 


for use at communication frequencies (0 to several million cycles per second) 








Frequency Standards - Tube and Tuning Fork Oscillators - Resistance Boxes 
Bridges - Calibrated Inductors - Variable Air Condensers - Voltage Dividers 
Attenuation Networks - String Oscillograph - Thermionic and Oxide- 
Rectifier Voltmeters - Accessories: Rheostats, Transformers, Relays, etc. 


GENERAL RADIO COMPANY 


Manufacturers of Electrical Measuring Apparatus 
for Laboratory and Industrial Use 


CAMBRIDGE A, MASSACHUSETTS 


































7 x sf . x x ’ . ad ‘ x ‘ 
WENNER RESISTANCES 
A new type of non-inductive, non-capacitive resistance 
for high frequency work, developed by Dr. Frank 
Wenner, chief of Resistance Section, Bureau of Standards. 


We are prepared to supply these resistances in units up to 10000 
ohms and in various decade combinations. Correspondence invited. 


RUBICON COMPANY 
ELECTRICAL MEASURING INSTRUMENTS 
29 North Sixth Street PHILADELPHIA, PA. 








When writing to the above company, please mention INSTRUMENTS 
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GASES, AIR & STEAM 
Usage and Construction of the Dry Gas Meter. A. W Sharman. Gas Journal, March 
pages 764-766 
The operation of the Thomas Glover prepayment meter is explained 
LECTRICITY 
Causes of Errors of Electric Meters (Sur les causes d'inexactitude des compteurs électriques) 
Toupet, L’Industrie Electrique, Jan. 10, 1930, pages 16-18; Jan. 25, pages 41-44; Feb. 10, 


19, 1930, 


page s 67-70. 

Published originally in Bulletin de |’ Association des Propriétaires d’'Appareils a Vapeur. Discusses 
the principal causes of errors and methods of avoiding them, They are grouped as those due to 
the type of meter or its characteristics, its condition, accessories, and method of installation.—M.S 
Measurement of Direct Currents of High Intensity (Le mesure des courants continus de forte 

intensite). P. Gonnard. Rev. Gen. de |'Electricit7, Jan. 18, 1930, pages 95-101 

It is necessary to take special precautions to reduce the absolute value of the errors which arise 
in the measurement of the high current intensities used in electrochemical and electrometallurgica 
industries. Another describes a method of calibrating heavy current shunts, which are used in 
such measurements. It ultilizes two differential processes; one, that of flux opposition, devised by 
Pestarini, and improved by the method of magnetic correction, and the other, that of electromotive 
force opposition at the shunt terminals by the differential galvanometer.—M. S. 

Some New Radio Instruments. Flectrical Review, Feb. 14, 1930, pages 294- 296. 

Consists of extracts from 5 papers read be fore the Wireless Section of the Ng «vem of Electrical 
Engineers. ‘‘A High-frequency Ammeter,”’ by C. L. Fortescue and L. A. Moxon, describes the 
construction and theory of a simple form of hot-wire ammeter for use . frequencies up to 10% 
cycles per second. It is made ina cylindrical form. Each of six parallel wires is kept in its central 
position on the axis of a screening tube by means of a flat spring at the end. One of the wires is 
directly attached to what is normé illy the heated wire of an ordinary hot-wire ammeter. ‘‘Mechani- 
cal Impedance Measurement,”’ by E. Mallett and R. C. G. Williams, outlines a method in which 
the device, the mechanical impedance of which is to be measured, is driven by one prong of a tuning 
fork, and the other prong is loaded to restore balance. The load required is the mechanical imped 
ance to be determined. ‘‘Response Curve Recording,’’ by C. L. Fortescue and F. Ralph, describes 
the combination of a projection oscillograph with a special amplifier and a vz aris ible condenser 
coupled to the rocking mirror of the galvanometer, allowing the response curves of electrical circuits 
to be thrown on to a screen for observation or recording photographically.—M. S 
Instrument Progress in 1929. A. C. Jolley. Electrical Review, Feb. 7, 1930, pages 246-248. 

Review of progress in the manufacture of electrical instruments as indicated by the twentieth 
exhibition of the Physical and Optical Societies. There have been no very bold steps or remarkable 
innovations, attention having been given to perfecting models shown previously, and particularly 
workmanship and interior finish. 

Design of a Portable Temperature- Controlled Piezo Oscillator. V. E. Heaton & W. H. Brattain, 
Bureau of Standards, Journal of Research, March 1930, pages 345-350. 

This paper describes the essential details of a portable shielded temperature-controlled piezo 
oscillator constant in frequency to better than 1 part in 100,000. The quartz plate is mounted ina 
special plate holder so that the air gap changes very little as the quartz plate shifts in the holder 
The plate holder is mounted in a thermal attenuating chamber consisting of a copper cylinder and 
layers of asbestos contained in a wooden box. The copper cylinder is mounted on heavy bronze 
coil springs to absorb shocks. A sensitive mercury thermostat, placed in a slot in the side of the 
copper cylinder, controls the temperature. The heater operates on 110 volts d.c. The quartz 
plate is connected between the grid and the filament of the oscillator tube. An inductor having a 
natural frequency slightly higher than that of the quartz plate is used in the plate circuit of the 
tube. The load is kept constant by loosely coupling to the output through a screen-grid radio- 
frequency amplifier. Measurements on the piezo oscillator give the following results: Temperature 
coefficient of 0.0025 per cent per degree centigrade; 10 per cent variation of plate or filament volt 
ages from operating point of the oscillator tube causes less than 1 part in 1,000,000 change; jarring 
has no measurable effect on the frequency. 
New va Oscillations with Quartz Cylinders Cut Along the Optical Axis. August Hund and 

B. Wright. Bureau of Standards, Journal of Research, March 1930, pages 383-394 

Ith is ‘show n that oscillations of a new type can be produced, using a quartz cylinder cut along the 
optical axis. Some of the electrode mountings used were suggested by Rontgen's experimental 
work and the more recent work of Tawil. In order to produce these oscillations it was necessary 
to use new adaptations of regenerative circuits as the driving circuit. These oscillations were 
studied experimentally through the medium of glow discharge patterns. a phemomenon of ioniza 
tion produced by the quartz cylinder oscillating in a few millimeters of helium. They were studied 
theoretically by comparing the observed frequencies of oscillation with the computed values for 
the three different types or modes of vibration. Both studies indicate that these oscillations are 
of a true piezo-electric character. 

Voltmeters from Milliammeters. Radio Service, April 1930, pages 6-7. 

Article describes method for modifying mill:ammeters for dual purposes. 

The Wheatstone Bridge in Service Work. James A. Dow.e. Part I, Rad.o Service, April 1930 
pages 12-13, 18. 

Article describes use of Wheatstone Bridge for various measurements. 

Finding Faults in Crippled Cables. E. J. Manuel. Synchroscope, April 1930, pages 48-51. 

The early methods are briefly mentioned. Tracing current apparatus 1s illustrated. 

An Electrical Frequency Analyzer. Masatsugu Kobayashi. Electrical Communication, April 
1930, pages 315-319. 

An electrical frequency analyzer for analyzing and recording so called higher harmonic waves 
as well as any waves comprising a number of frequencies, is described. 

A Thousand-Cycle Frequency Standard. L. Armitage. Bell Laboratories Record, April 1930, 
pages 372-375. 

Device is illustrated and briefly described. 

The Measurement of Capacitance and Inductance in Terms of Frequency and Resistance at Radio 
Frequencies. C. P. Boner. Review of Scientfic Instruments, Apr.l 1930, pages 243-259 

A method of measuring capacitance and inductance is described, in which the product LC is 

found in terms of frequenc y by adjusting a circuit which conta’ns the capacitance and an inductance 
to resonance, the ratio L/C 1s found in terms of resistance by a high frequency bridge, and the value 
of C is finally calculated by solving the two equations for LC and L/C simultaneously. A method 
of eliminating the effect of condenser leads .s described. The br.dge equations are derived and the 
effects of residuals in the arms are discussed. Details are given concerning the construction of 
the bridge, the oscillators, and the heterodyne detector, and concerning essentials of the operating 
technique. Numerical results are given for a sample condenser calibration. 
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, BAKELITE MOULDING 


Will add to the appearance, improve the quality, 
insure exactness and lower costs in fine instru- 
ments. Our engineering department is at your 
service both in the designing and making of your 
moulds and in supplying the finished parts. We 
are the largest exclusive Bakelite Moulders in the 
Central West. Let us help you with your produc- 
tion problems. Send for our Catalog. 


CHICAGO MOULDED PRODUCTS CORP. 
2146 Walnut St. : Chicago, Hl. 
Subsidiary to Plymouth Mfg. g. Co. 























Franz Schmidt & Haensch 


Densitometer for measuring the 
density of photographic films and 
plates as well as absorption of other 
transparent objects. 

Sole Distributors 


AKATOS. Ine. 


Engineering Building 114-118 Liberty Street 
New York City 














RECORDING CHRONOGRAPHS 


[hese Chronographs have be- 


come widely used in Research 
and Industrial Laboratories as 
they can be adapted for practi- 


cally any time recording require- 





ments. Catalog on Request 
THE GAERTNER SCIENTIFIC CORPORATION 
1201 WRIGHTWOOD AVENUE CHICAGO, U. S. A. 

























(EMAg) Indicators 


the dependable precision instruments for in- 
dicating piston engines of all types. 
Four sizes, for speeds up to 2500 R. P. M 
Special indicators for locomotives and various 
other applications. 

Users: U.S. Navy Department 

and others. 

LEHMANN & MICHELS, Abt. I, 


Hamburg-Altona, Germany. 
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Simplified Method of Accurate Meter Test. M. A. Ma | t West I 130 
8-19 
t of d ble-pole d 1 
che f three-phase meter I \ | 
Physical Society’s Exhibition. Pt. 1-2 Electrical Review, Jan. 17, 1930, 1 139-140; J 
1930, pages 182-183 
Review of some of the newer electrical instr nts and entif pparat ] M 
Light and peer’ Portable Meter Te est Set W. L. ¢ I Wor J 25, 1930, p 
he ‘ & Light Cory 1 ts ng 19x8 ) ; 
the test eq ind Phe t re 
u > t t ” ) 
ru sulation and | D ts t ) 1 I 
complete, weighs about 24 and ital f I 25 p VU 
Stabilized et 7 a a with Amplified Stabilization Fred B & Jack G. K R 
t Scient nstruments, April 1930, pas 227-236 
One of amp i led in R 
Ww h ses a cathode-ra vith lit 1e¢-ax f ! 1 
it xten 1 ge ot ne Ss Ww 
to tl t und \ gt ) 1 
1 he ne 1 \ zed 100.000 ( 
t \ t tt 1 I 
i vella I ¢ t a it i n 1€ il t 
Radio Receiver Performance. H. A. Thor trical Rev Ja $, 1930 8 
Extract 1 paper read before Wireless Section of the Institution of | tr | 
Desct pr nethod of measurin vera!l amplificatio 
) pa arly at short wavel th ul 3 of 
I ate scr f t var npone it ul Pot 
tr ince wir h I M.S 
able-Testing Installation. Ele il Review, J $1, 1930 4-22 
at le ption nd ap] yf Br t ( 
I the be iV { pe 1 P 
ind powe M.S 
TEMPERATURE & MOISTURE 
‘“Pyroversum”’ Pyrometer. Iron & ( rrades Review, S D r PQ 
an I\ 
This pyrometet mall enough t ) r! tl ocket t ha range from 50\ 
1.400° ¢ Th t ( = 
ir to de f ‘ 
he tempera ~ the material |! xamined Ae: eg 
HEAT UNITS & COMBUSTION 
The Spe cific Heats of Gases at High Pressure Met rat it Room 7 
orman W. Krase & B. H. Macke Journal A rican Che S J 
108-115 
\ nstant temper t 10 fi 
paratus for 1 i of th I I t 
PRESSURE 
Vapor Pr essure - Tolue ng up to the C ritical Temperature Nor n W. ( 
Indust NX ne I I 1930, | 13 
isoatete is and methods tor the measurement of vapor pr t er é ) 
given M. E. H 
Determination of the Vapor Pressures of Napthas Cf ey & W 
Industrial & Engineering Chemistr (An Ed J », 193 SS-9 
Prese -d before the Division of Petrok im Che t tt Minnear M 
erican C! il Society, Sept. 1929. Measured amo ib 
1 the increase in vapor volume is measured \pparat lescrib M. E. H 


Vapor Pressures of Saturated Equilibrated Solutions of L actose, Sucrose, Glucose and Galactoss 
Whitt n ; tr 








er & S. P. Gould. Industrial & f la 1930 
xd of Smith and Me J \mer. ( S 32? 1412 1910 
de vapor pressures of saturated solutior D r 3 le M. E. ] 
Flow Manometer with A. C. Remote Indication (Stroemung ymeter t 
iebertragung). H. Lohmann & F. von Gr jherr. Siemens Z hrift. ] 19 
Description of a system of instruments for mea titic 
rrent c 


means of an alternating 


transmission b 


On the Possibility of Applying the Cathode-R ay Oscillograph to the Indicator Soe High Sp 















Engines. J. Obata & inetomo. Rey R 
Imperial University, Feb. 1930, pages 93 100 
Investigations were made to employ the le-t ( graph place D 
oscillograph in the electrical indicator described in t previous paper It is found tha 
son type cathode-ray l raph may be en yved w me modifi on ) 
arrangement; spe levice being introd » ind the pist [ PI 
of the 1 a um can be obtai 1 fc r n f vhich tl int 
such as ator (or F g itisfactory r 
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SPECIFIC GRAVITY, DENSITY & WEIGHING 
Determination of Alcohol by Pycnometer. Alex F. Fuerst. Industrial & Engineering ‘ 
Analytical Edition, Jan. 15, 1930, page 30 





I f dilute alcoho Ip to 


The method is based on the apparent uniform expansion of 


5.0%) and distilled water. Results are a rate to 0.01 M. E. H 
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PHYSICAL TESTING 
Testing of Wood Glue (Pruefung von Tischlet en nach Rudeloff). J. Stamer. W 


echnik, De 1929, pages 227-228 


Method described ar trate 
Laboratory Tests Aid Tool elena at. Charles O. Herb. Machinery, Feb. 1930, pages 425-429 





dis es the use ot tl Olse t Brinell mictr Dp R 

ess tester, Scler I M I t Dri M 
New | lford, M sx 1 ed I t 
etal cutting toc xn. H. P 
Small Wire Tension Tester with Pendulum. Wire & Wire Products, Feb. 1930, pay 5, 60 

machine iil Li uhausen Werke, Diisseldorff, Germany, has a capacit p to 10,06 
bs. and a double reading range from 0 to 10,000 It ind from 0 to 2000 | I 
¢ pped wit Dp I rip | ] pid and ea | ( 

G 














1930, page 595-413 
ri flan s-foot lengt ) 
i I lin rl 
| 
p ection webs p 
1 bed a la t st 
VIBRATION, SOUND, LIGHT, COLOR 
A Photocolorimeter (Un Photocolorimétre Ch. Fér L'Industrie Electrique, Jan. 10, 19 
pages 18-19 
From the Bulletin de la Société d’ Encouragement Rey t Ss t I 
rimete vhicl ot a photo-« r vith \ 
galvanometer. Give re ; of tests carr t with M.S 
The Problem of Dilution in Colorimetric H- “st Measurements. II. Use of Isohydric lh 
ind Superpure Water for Accurate Measurement of Hydrogen-Ion Con trat 
vcett, Industrial & En neer ( I 
-ewagr Sanitat 1 4 ( T i { 
t \pri \ method ven for 
nst 0.001M or 0.05M buffer color standard I 





he hod described M. E. H 

Evaluation of the Contrast- Obliterating and hagy wer ee. oe of ae Papeante Ge 

Haslam. Industrial & Engineering Chen t ‘ 15, 19 I 69-72 
Presented before the Divisi aa Varnish Chemistry at the Minneap« Meetir 








the Ameri 1 Soci The Dp 1 cc 
of known | set form films of samp 1 ‘ 
before an me r for ter 1 
rhe lat 1 it i \ 1 vi t ey ip t 

the generally accepted 98° M. E. H 


Experimental Det te rmination of Brightness—-Film Thickness Curves of Wet Paints. D 





& A. H. FI Industrial & Engineering Chemistr Analytical Editi Jan. 15, 1930 
63-06 
uper discusses a metl f extr the 
film thickness relatior sing a Macbeth photometer for 1 , 1 
1e channeled spectrum phenomenon in determining fi thickness value Da 
by this method che k quite clos va s obtained with the Pi on pS ptometet M ‘e 


A sag oor Seismograph for Re ninaes Earth Tremors Caused by Artificial E sidbidens. J. H 
Ins ime nt World April 1930, pages 321-325 


scribes instrument developed by the Technical Staff of the Ang Persian Oil ¢ 





CHEMICAL APPARATUS & ANALYSIS 

An Improved Weight Buret. Harold B. Friedman & Victor K. LaMer, Industrial & I , 
Chemistry, Analytical Edition, Jan. 15, 1930, page 54 

Tt burette has a capa f GO« ind terminates in a horizontal stop k 


to which is fitted a guard M. E. H 





New Laboratory Oven. Canadian Chemistry & Metallurgy, March 1930, page 92 

The new Freas Thermo Electric Co. ovens have horizontal flow force air t 
permits the use of shelves and t obstruct Lit rl ff 
n baking and drying operations rile vork is weld 
steel, insulation is secured thro va f stivit iters 
hromium alloy, and the intake tina i ) 
and air ports.—W. H. B 

Co Ww. W 


Rapid Determination of Nitrogen Peroxide in gag ims work Legge Air Bistures 
taker, F. O. Lundstrom & Albert R. Me S Engine ng Chemist \r 
Edition Jan. 15, 1930, pages 15-18 

] 








4 rapid method is outlined and apparatus de rie eof s 
at netond C., the nitrogen peroxide is absorbed in concentrated ric acid, a f 
is measured in a gas burette at room temperature M. E. H 
A Photochemical Method for npeaanting Susce ptibility of Fats and Oils to Onteatiee Ge a 
Greenbank & George E Industrial & Engineering Chemistr Analytical | 
, Jan. 15, 1930 pages 9-10 
The photoelectric cell with amplifying unit was used in this investigation, and the res 
pared with the induction period method (direct oxygen absorption) and found direct 








M. E. H 
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Temperature-Time 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Foxboro Co. 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Co. 
Thermometer 
Bristol Company 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Foxboro Co. 
Leeds & Northrup o, 
Tagliabyue Mfg. Co., C. J. 
Taylor Instrument C ompanies 


Wilson-Maeulen Company, Inc. 


Thermostat 

Bristol Company 

Brown Instrument Co. 

Charles Engelhard, Inc. 

Foxboro Co. 

Minneapolis-Honey well Co 

Taylor Instrument Companies 

Westinghouse Elec. & Mfg. Co 
Thickness 

Ksterline-Angus Company 

H. Z, Schniewind 
Time 

Brown Instrument Co. 

Esterline-Angus Company 

Foxboro Co. 

Stromberg Electric Co. 

Tagliabue Mfg. Co., C. J 
Vacuum 

Bristol Company 

Brown Instrument Co. 

Esterline-Angus Company 

Foxboro Co. 

Meriam Co 
Unit Heater 

Minneapolis-Honeywell Co. 
Valve—Motor Operated 

Bristol Company 

Brown Instrument Co. 

Charles Engelhard, Inc. 

Foxboro Co. 

Mivneapolis-Honey well Co. 

‘Taylor Instrument Companies 
Water Level 

Bristol Company 

Brown Instrument Co. 

Esterline-Angus Company 

Foxboro Co. 

Tagliabue Mfg. Co., C. J. 
COORINATOGRAPHS 
COUNTERS—Revolution 

Bristol Company 

Brown Instrument Co. 

Lehmann & Michels 

H. Z, Schniewind 
Stroke 

Bristol Company 

Esterline-Angus Company 


Lehmann & Michels 


COUPLING TRANSFORMERS 
General Radio Company 

CURRENT RECORDERS 
Bristol Company 
Esterline-Angus Company 
Leeds & Northrup Co. 


CURRENT REGULATORS 


Westinghouse Elec. & Mfg. Co. 


CYCLE COUNTERS 
General Radio Co. 


CYLINDERS-QRADUATED 
Tagliabue Mfg. Co., C. J 
DECELEROMETER - 


DEFORMETER (Beggs) 

Southwark Fdy. & Mach. Co. 
DEMAND METERS 
Gas 

American Meter Co. 
Electric 

Westinghouse Elec. & Mfg. Co. 
DENSITOMETERS 

Akatos, Inc. 
arene 

Z. Schniewind 

DIVIDING HEAD 


Optical 

Bausch & Lomb Optical Co 
DIVIDING MACHINES 

Gaertner Scientific Corp. 
DRAFT GAGES—see Gages 
DYNAMIC — 

EQUIPM 

Commercial on gg. Labs. 
EARTH C CURRENT METERS 

Rawson Elec. Inst. Co. 
ELECTRIC TELEMETER 

Southwark Fdry. & Mach. Co 
ELECTRIC WAVE FILTER SEC- 

TIONS 


General Radio Company 
EMPLOYEES’ “IN AND OUT” 
TIME RECORDERS 
Stromberg Electric Co. 
ENGINE INDICATORS 
Commercial Engg. Labs 
Lehmann & Michels 
EXTENSOMETER 
H. Z. Schniewind 
Southwark Fdry. Mach. Co 
FATIGUE TESTERS 
H. Z. Schniewind 
FAULT FINDERS 
General Radio Co. 
Leeds & Northrup Co 
Rubicon Company 
Weston Electrical [nst. Corp 
FLASH & BURNING POINT 
TESTERS 
Akatos, Inc. 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Co 
FLOW METERS 
American Meter Co. 
Brown Instrument Co 
Foxboro Co. 
Meriam Co. 
FLUXMETERS 
Leeds & Northrup Co. 
Rawson Electrical Instr. Co 
FOLDING TESTER 
H. Z. Schniewind 
FREQUENCY METERS 
Indicatin 
Jewell Electrical Instrument Co 
Leeds & Northrup Co 
Westinghouse Elec. & Mfg. Co 
Weston Elec. Inst. Corp. 
Controlling 
Leeds & Northrup Co. 
Recording 
Bristol Company 
Esterline-Angus Company 
Leeds & Northrup Co. 
Standards 
General Radio Co. 
FUEL st a APPARATUS 
Burgess-Parr Co. 
FUEL FLOW INDICATOR 
Commercial Engg. Labs. 
GALVANOMETERS 
Brown Instrument Co. 
Charles Engelhard, Inc. 
General Radio Co. 
Jewell Electrical Instrument Co 
Leeds & Northrup Co. 
tubicon Company 
Westinghouse Elec. & Mfg. Co 
Weston Electrical Inst. Corp. 
GAS ANALYTICAL METERS 
Chemical 
American Meter Co. 
Tagliabue Mfg. Co., C. J. 
Electrical 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Leeds & Northrup Co. 
GAS LEAK INDICATORS 
Taylor Instrument Companies 
GAS-METERS 
American Meter Co. 
Brown Instrument Co 
Foxboro Co, 
Meriam Co. 
GASOMETERS 
American Meter Co 


GAGE RODS 
Tagliabue Mfg. Co., C. J. 
GAGES 
Absolute Pressure 
Bristol Company 
Brown Instrun nent Co 
Foxboro Co. 
Meriam Co, 
lagliabue Mfg. Co., C. J 
l'aylor Instrument Companies 
Amplifying 
B. C, Ames Cu. 
Federal Products 
Comparator 
B. C, Ames Co 
Federal Products ¢ 
Cylinder 
B. C, Ames Co 
Federal Products Corp 





Corp 


‘orp 


Depth 

B. C. Ames Co 

Fede ral Products Corp 
Dial 

B. C, Ames Co 


Federal Products ( 
H. Z. Schniewind 
Differential Pressure 

American Meter Co 

Brown Instrument Co 

Foxboro Co. 

Meriam Co. 

Tagliabue Mfg. Co., C. J. 
Draft 

Bristol Company 

Brown Instrument Co 

I oxboro C 0. 

Meriam Co. 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Companies 
Drill 

Bausch & Lomb Optical Co 
Grinding 

Federal Products Corp 
Liquid Level 

Bristol Company 

Brown Instrument Co 

Foxboro Co. 

Leeds & Northrup Co. 

te sriam Co. 

‘Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 

Loss of Head 

Brown Instrument Co 

Foxboro Co. 

Meriam Co. 
Pitch Diameter 

Federal Products Corp 
Pocket 

H. Z. Schniewind 


Pressure 

American Meter Co. 

Bristol Company 

Brown Instrument Co 

I oxboro Co. 

Leeds & Northrup Co 

Meriam Co. 

lagliabue Mfg. Co., C. J 

Taylor Instrument Companies 
Pressure-T emperature 

Bristol Company 

srown Instrument Co. 

Foxboro Co. 

Leeds & Northrup Co 

Tagliabue Mfg. Co., C. J. 

Taylor Instrument Cos. 
Pressure & Vacuum 

Bristol Company 

Brown Instrument Co. 

Charles Engelhard, Inc. 

Foxboro Co. 

Leeds & Northrup Co. 

Meriam Co. 

l'agliabue Mfg. Co., C. J 

Taylor Instrument Companies 
Profile 

Bausch & Lomb Optica] Co. 
Rain 

Taylor Instrument Companies 


‘orp 








Pa g INSTRUMENTS 
Determination of Acidity of Oils and Fats by the Quinhydrone Electrode in N 
& ; 
Met 
Synthetic Glycerides Ref t | 
t It ‘ ) 
The Behavior of Glass Electrodes of Different Compositions ) 
J \ { — ] 1a) ) 
I 


Determining Ionization Constants with 


A Comparison Method for 
I K 


Electrode D 
( | 14 » 
Application in Burgess-Parr Sulfur Photometer to Rapid Determinat 
Biological Material. | V. 7 y P \ 1 
I 
D F , ( 
Quantitative Hy: lrogenation of the Principal Unsaturated Compons 
and Rosin Vv. | | | ( 
I 
Determination of Sulphur in Gasoline ( x | ( 
r ( tr \ t I 5 
M 
Observations on the Rare Earths—-XXXIV Spectrographic Estima 
Earths. Pier W. Se | t xk | 
15. 1930 13-9 
I PI 
. ~ tag Bye? Ra Si B ' 
f la t M. E. H 
The Oxidation Potential of the Lead Dioxide Electrode in Perch’ 
& C.2 I J \ I ( 
[he standard ox t P Pbo 
t , f to be 1.46 033 { H 
A New Application of the Abbé Refractometer in the Analysis of L 
Preses D f Paint ( 
\ " ( = c ‘ 192 I P 
11.4 t 
MICROSCOPY 
— Uses of the Mic roscope in Industry \ 
A British Make or of Microscop ‘2 \\ \pr ) 
t of W. Wats S I 1 I 
) ( 


Ne Ww Microscope and Atta¢ oe nt Designs. ( 
pe of Ba 





cise 


nt t make ) 
Mic roscopic E xamination of Pre cipit ate s as an Ai i to Pr 
> te] P x | \ . 








Bar 
Jan. 15 19 130, 1 415-54 
Phot I I 
at ie eV : 
n i il i 1 I 
recommended met M. | MH 
The Polarizing Microscope in — Chemistry ( 
istry a tl ) , | ’ 
Bibliogr of 2 This 
polarizing microscop “ 
Numer s examples 





Aqueous Solutions 


Reference 


Quinhydrone 


a 





ion of Sulfur in Foods and 
| 
I 

nts of Turpentine, Pine Oil 
tion of Impurities in the Rar« 
ric Acid ) 
acquer Thinners ) 

{ i 

2 \ 


\ Hi 


Analysis 
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Recording 
Distance 
Bristol] Company 
Brown Instrument Co 
Esterline-Angus Company 
Foxboro Co. 


Strain 


Southwark Fdry. & Mach. Co 
Thickness 
B. C. Ames Co. 


Esterline-Angus Company 


H. Z. Schniewind 
Volume 
American Meter Co. 
3rown Instrument Co 
Foxboro Co. 
Meriam Co. 
Water Level for Boilers 
Bristol] Company 
Brown Instrument Co 
Foxboro Co. 
Wind 
Brown Instrument Co. 
Taylor Instrument Companies 
GEOPHYSICAL INSTRUMENTS 
Akatos, Inc. 
GOVERNORS 
Laboratory Dry & Wet Gas 
American Meter Co. 
Pressure 
Bristol Company 
Brown Instrument Co. 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 
Pump 
1 Teetiabue Mfg. Co., C. J. 
GLASS —— TESTERS 
Akatos, 
et TESTING APPA.RATUS 
Tagliabue Mfg. Co., C. J 
GROUND DETECTORS 
Leeds & Northrup Co. 
Rubicon Company 
Westinghouse Elec. & Mfg. Co 
Weston Electric Inst. Corp. 
GROUND-OHMER 
Leeds & Northrup Co. 
Herman H. Sticht & Company 
GYPSUM TESTING INSTRU- 
MENTS 


H. Z. Schniewind 
HARDNESS TESTERS 
Akatos, Inc. 
H. Z, Schniewind 
Wilson-Maeulen Company, Inc. 
HARMONIC ANALYZERS 
Leeds & Northrup Co. 
HELIOSTATS 
Gaertner Scientific Cory 
HIGH FREQUENCY APPARATUS 
Argco Laboratories, Inc. 
HIGH VOLTAGE 
Indicators 
Argco Laboratories, Inc. 
Measuring Devices 
Westinghouse Elec. & Mfg. Co 
Testing Devices 
Westinghouse Elec. & Mfg. Co. 
HUMIDITY CONTROLLERS 
Bristol Company 
Charles Engelhard, Inc. 
Foxboro Co. 
HUMIDITY RECORDERS 
Wet & Dry Bulb Thermometers 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
HYDROGEN ION METERS 
Indicating 
Leeds & Northrup Co. 
Rubicon Company 
Controliing, Recordin 
Leeds & Northrup 


INSTRUMENTS 





HYDROMETERS 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
HYGROMETERS 
Brown Instrument C 
Foxboro Co. 
H, Z. Schniewind 
Tagliabue Mfg. Co., C ° 
Taylor Instrument Com 
IMPACT as TESTER 
H. Z. § Schniewin 
IMPACT TESTING MACHINES 
Akatos, Inc 
H. Z. Schniewind 
Alternating 
INDICATORS See 
INDUCTANCES 
General Radio Co. 
Rubicon Company 
INSTRUMENT BOOKS 
Instruments Publishing Co 
INSTRUMENT CALIBRATION 
AND REPAIRS 
Jewell Electrical Instrumer 
Rubicon Company 
INSTRUMENT TRANSFORMERS 
Jewll Electrical Instrur <r age ( 
Westi sig | “F . Mfc. ) 
Weston El 
INSULATION TESTING EQUIP- 
MENT 


3auges 


it Co. 


Leeds & Northrup Co 
Rubicon Company 
Westinghouse Elec. & Mfg. C« 
INTEGRAPHS & INTEGRATORS 
Leeds & Northrup Co 
ay hapten fe scert 
Gaertner Scientific ( 
JOB TIMING REC ORDERS 
Stromberg Electric Co 
KEYS AND SWITC HES 
General Ra 
Leeds & Northr 
Rubice 
KILNBOY 
Foxboro Co. 
KILOVOLT AMPRERE METERS 
Esterline-Angus Company 
KLYDONOGRAPHS 
Westinghouse Elec 
LACTOMETERS 
Tagliabue Mfg. Co., C. J 
LENGTH MEASURING 
MACHINES 
Gaertner Scientific Cory 
H. Z. Schniewind 
LEVELS 
Centering 
3ausch & Lomb Optical C 
Enginerr’s, Wye, Precision 
Prism 
Taylor Instrument Companies 


LIME TESTING INSTRUMENTS 
LOCOMOTIVE INDIC ATORS 


Lehmann & Miche 
LUSTER METERS 
Akatos, Inc. 
MAGNETOMETERS 
{ubicon Company 
MANOMETERS 
American Paulin System, In 
Brown Instrumer nt Co 
Foxboro Co. 
Meriam Co. 
MASTER CLOCKS 
Gaertner Scientfic Corp 
Stromberg Electric Co. 
MEASUREMENT BOOKS 
Instrument Publishing Co. 
MEGOHMMETERS 
Leeds & Northrup C 
Rubicon Company 
Herman H. Sticht and Company 
MEGOHM VOLTMETERS 
Jewell Electrical Instrument Co 
Weston Electrical Inst. Corp 


dio Co. 


m Company 


& Mfg. Cc 


MELTING POINT ees 
lagliabue Mfg. Co., C 
METER PROVERS, Gas 
American Meter Co 
METER TESTERS, Gas 
American Meter Co 
MICROMETERS 
Gaertner Scientific Corp 
H. Z. Schniewind 
MICROAMMETERS 
| Electrical Instrument C« 
Rawson Electrical Instrument ( 
Weston Electrical Inst. Corp 
Wilson-Maeulen Company, Tae 
MICROFARADMETERS 
General Radio Co 
Jewell Electrical Instrument Co, 
Leeds & Northrup Co 
Rubicon Company 
Weston Electrical Inst. Corp 
MICRO PYROMETERS 
Akatos, Inc 
MICROSCOPES 
Brinell 
Bausch & Lomb Optical C¢ 
Gaertner Scientific Corp 
H. Z. Schniewind 
Spencer Lens Co 
Metallographic 
Akatos, Inc 
Bausch & Lomb Optical ‘ 
Spencer Lens Co 
Petrographica 
Akatos, Inc 
Bausch & Lomb Optical Co 
Spencer Lens Co 
Toolmakers’ 
Bausch & Lomb Optical 
Gaertner Scientific Corp 
Spencer Lens Co 
MICROTOMES 
Bausch & Lomb Optical Co 
Spencer Lens Co 
MILLIAMMETERS 
Charles Engelharc, 
General Radio Co. 
Jewell Electrical Instrument ‘ 
Rawson Electrical Instrument Co 
Weston Electrical Inst. Cx 
Wilson-Maeulen Company, Inc 
MILLIVOLTMETERS 
Bristol ¢ 
Charles Engelhard, Inc 
Jeweli Electrical Instrument C¢ 
Rawson Electrical Instrument Co 
l'aylor Instrument Companies 
Weston Hlectrical Inst. Corp 
Wilson-Maeulen ( ‘, Ine 
MOTOR RADIATOR VALVES 
Minneapolis-Honeywell Ce 
MOTION. RECORDERS 
Mechanical 
Bristol Company 
Lehmann & Michels 
MULTIMETERS 
Rawson Electric 
MULTIPLIERS 
Jewell Electrical Instrument ( 
Leeds & Northrup Co. 
Weston Electrical Inst. Corp 
NEON FILLED TUBES 
Argco Laboratories, Inc 
NEPHELOMETERS 
Akatos, Inc. 
OHM METERS 
General Radio Co. 
Jewell Electrical Instrument Co 
Leeds & Northrup Co 
Rawson Eiectrical Instrument ( 
Rubicon ( ompany 
Herman H, Sticht and Company 
Weston Electrical Inst. Corp 
OIL TESTING APPARATUS 
l'agliabue Mfg. Co., C. J 
Taylor Instrument Companies 


Jewe 


Lo 





Inc 


rp 


‘ompany 


ompany 


a] Instrument ( 
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Microscopic Measurements for the Determination of Particle Size of Pigments and Powders. 
ae Dunn Jr., Industrial & Engineering Chemistry, Analytical Edition, Jan. 15, 1930, 
pages 59-63 

Images of the particles are projected through a microscope onto a screen, where the particles 
are measured and classified. Changing the focus, by remote control, facilitates the work and 

vermits the accurate measurement of each particle throughout the de oy of the mount.—M. E. H 

Don’ *t Be Afraid of the Microscope. E.R. Schwarz. Textile World, Oct. 26, 1929, pages 2430-2434, 
2445; Dec. 14, 1929, pages 4364-4366, 4405; Dec. 21, 1929, pages 4500-4503 

Article describes methods and equipment needed to carry out micrometer examination of textiles 
mounting of textile specimens; discusses selection of glass slides and chemicals 

The Vickers Projection Microscope. Iron & Coal Trades Review, Supplement, Dec. 6, 1929, page 11 

This microscope may be used for transparent or opaque objects. Illumination may be had by 
transmitted, polarized or reflected light. The specimen may be examined by the ordinary visual 
method or it may be projected upon a ground-glass screen. The latter may be replaced by a dark 
slide to secure a photomicrograph % 


VISCOSITY 
Rapid Determination of Relative Viscosity of Opaque Liquids. Milton M. Loeserman. Industrial 
& Engineering Chemistry, Analytical Edition, Jan. 15, 1930, page 25 

The article describes a modification of the bubble method.—M. E. H 

Viscosity of Beet House Sirups. A. N. Bennett & A. R. Nees. Industrial & Engineering Chem 
istry, Jan. 1930, pages 91-96 

The design and use of a falling sphere viscometer for the determination of the absolute viscosity 
of pure and impure sugar solutions are described. The effect of pH on viscosity of molasses has 
been investigated.—M. E. H. 

Viscosity of Solutions. G.Jones& M. Dole. Nature, Nov. 30, 1929, page 857. 

Originally in Journal American Chemical Society, Oct. 1929. The fluidity of a solution may be 
represented by an expression containing the concentration to the powers 1 and 1%. The coefficient 
of the square root term is negative for electrolites, but zero for nonelectrolites Abs. Bull. Kodak 
Res. Labs 
Theory of Plastic Flow in the Rotation Viscometer. M. Reiner, Journal of Rheology, Oct. 1929, 

pages 5-10. 

The author derives an equation for the consistency function for a plastic material in rotation 
viscometer. No data are given.—Abs. Bull. Kodak Res. Labs. 

Modified Plastometer for Industrial Use. D. V. Gregory, G. M. Rassweiler & K. C. Lampert 
Journal of Rheology, Oct. 1929, pages 30-45. 

A modified Bingham plastometer has been built involving the use of capillary tubes but differing 
in that the material is sucked through the tube instead of being forced. Relations are given for the 
readings obtained with the plastometer and other methods employed for determining a 
and plasticity, such as the Cargelle bulb viscometer, mobilometer, et« Abs. Bull Kodak Res. Labs 
A Multiple Bulb Consistometer. W. Herschel. Journal of Rheology, Oct. 1929, pages 68-75 

An apparatus has been designed involving the use of a capillary that can be used for either 
viscous or plastic substances. It is claimed that a complete flow pressure graph can be made from 
one run.—Abs. Bull. Kodak Res. Labs. 


PHOTOGRAPHY 
Special Camera Makes a Photographic Stop Watch Record. Filmtechnik, Aug. 4, 1928, pages 
328-329 

The Laytax motion picture measuring camera is a Lyta camera so modified as to make exposure 
two frames in height. It also incorporates a prism device for photographing a watch face in the 
lower corner of the negative. Either an ordinary watch or a stop watch may be used. The camera 
operates at 50 exposures per second.—Abs. Bull. Kodak Research Labs 
A Method of Identifying Precious Stones. American Photography April 1930, pages 192-195 

A photographic method is described. 


SPECIAL 

Measurement of the Leveling Properties of Paints and Enamels. George S. Haslam & Lester D 
Grady, Jr., Industrial & Engineering Chemistry, Analytical Edition, Jan. 15, 1930, pages 66-69 

This paper shows that the leveling properties are not entirely expressed by consistency measur¢ 
ments. The du Notiy tensiometer is suggested as an instrument for measuring the leveling proper 
ties. Comparison of tensiometer results, with results of five consistency measuring devices shows 
the superiority of the tensiometer method M. E. H. 

Dilatometer, Modified: II. A Method for Determining Transition Temperatures of Gels and Sols. 
Harvey A. Neville, Edwin R. Theis & C. T. Oswald. Industrial & Engineering Chemistry 
Jan. 1930, pages 60-63 

A modified dilatometer, by means of which the gelation and melting temperatures of gelatin 
solutions can be determined under carefully controlled conditions, is described. By this method 
continuous readings are obtained and the gel structure is not disturbed during the process.—M.E.H 
Dilatometer: A Study of Some Properties of Gelatin. [-Hydration of Gelatin and Its Relation to 

Swelling. Harvey A. Neville, Edwin R. Theis, & R. B. K’Burg. Industrial & Engineering 
Chemistry, Jan. 1930, pages 57-60. 

The dilatometer consists of a bottle with a roe glass stopper, through which is sealed a 
calibrated capillary tube. Diagram is given. H. 

A Simplified Goodrich Plastometer. E. Karrer, J. "M. Davies & E. O. Dieterich. Industrial & 
Engineering Chemistry, Analytical Edition, Jan. 15, 1930, pages 96-99. 

Presented before the Division of Rubber Chemistry of the American Chemical Society at Atlantic 
City, Sept. 1929. The article describes a simplified form of the Goodrich plastometer, for factory 
control use, and discusses the use of the instrument in measuring plasticity of rubber.—M. E. H. 
Testing Welds for Strength and Quality. Machinery, Feb. 1930, pages 463-466. 

Two general classes of tests are applied to welds; destructive and non-destructive. Both of these 
are discussed in this article, each from two viewpoints, that of the instruments and equipment used 





in the tests, and the information secured from these tests. Describes a hydrostatic test, stetho- 
scope test, X-ray test, and several others.——R. H. P 
MISCELLANEOUS 


Miscarta Cases for Portable Instruments are Attractive, Light and Durable. Paul MacGahan. 
Electric Journal, March 1930, pages 176-177. 

Micarta, a new material, affords appreciable reduction in size of the case and offers greater 

resistance to scratching. Several illustrations of micarta instrument cases are shown.—W. H._B. 
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OPERATION RECORDERS 
Electrical 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J. 
ORIFICE METERS 
American Meter Co. 
Brown Instrument Co. 
Foxboro Co. 
Meriam Co. 
ORSAT APPARATUS 


OSCILLOGRAPHS 
General Radio Co. 
Westinghouse Elec. & Mfg. Co 
OXYGEN RECORDERS 
Charles Engelhard, Inc. 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J. 
PANTOGRAPHS 
Gaertner Scientific Corp. 
PERFORMANCE METER 
PERMEAMETERS 
Leeds & Northrup Co. 
Rubicon Company 
PAPER TESTING INSTRU- 
MENTS 


H. Z, Schniewind 
Spencer Lens Co. 
PERISCOPES 
Bausch & Lomb Optic al Co. 
Gaertner Scientific Corp. 
PHASE INDICATOR 
Westinghouse Elec. & Mfg. Co. 
PHASE SEQUENCE INDICATO 
Herman H. Sticht Co. 
ane ELECTRIC CELLS 
co Laboratories, Inc. 
PHO OMETERS 
Akatos, Inc. 
American Meter Co. 
Gaertner Scientific Corp. 
Bausch & Lomb Optical Co. 
Leeds & Northrup Co. 
PHYSICAL TESTING MA- 
CHINES 


Lehmann & Michels 
H. Z. Schniewind 
Southwark Fdry. & Mach. Co. 

PITOT TUBE METER 
Brown Instrument Co. 
Foxboro Co. 

PLANIMETERS 

Automatic Flow Record 
Brown Instrument Co. 

Linear 
Brown Instrument Co. 
Lehmann & Michels 

Radial 
American Meter Co. 
Bristol Company 
Foxboro Co, 

Square Root 
Foxboro Co. 

POLARISCOPES 
Akatos, Inc. 

Gaertner Scientific Corp. 

POSITION RECORDERS 
Bristol Company 
E’sterline-Angus Company 
Foxboro Co. 

POTENTIAL DETECTORS 
Leeds & Northrup Co. 
Westinghouse Elec. & Mfg. Co. 

POTENTIOMETERS—Indicating 
Brown Instrument Co. 
Leeds & Northrup Co. 
Rubicon Company 

Recording & Controlling 
Foxboro Co. 

Leeds & Northrup Co. 


POWER FACTOR METERS 
Esterline-Angus Company 


Jewell Electrical a C ~ 


Westinghouse Elec. & Mfg. 


Weston Eelectrical Inst. thay 


POWER FACTOR REGULATORS 
Rubicon Company 
Westinghouse Elec. & Mfg. Co 

PRESSURE RECORDERS 
Esterline-Angus Company 

PRICESS TIMING AND SIG- 

NALING INSTRUMENTS 
Stromberg Electric Co. 

PROGRAM INSTRUMENTS 
Stromberg Electric Co. 

PROJECTION LANTERNS 
Bausch & Lomb Optical Co 
Spencer Lens Co. 

ROTRACTOR 

Optical 
Bausch & Lomb Optical Co 

PSYCHROMETER 

Recording 
Bristol Company 
Foxboro Co. 

Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 

Sling 
Taylor Instrument Companies 

PYROMETERS 

Optical 
Leeds & Northrup Co 
Pyrometer Instrument Company 

Radiation 
Indicating 
Brown Instrument Co. 

Leeds & Northrup Co 
Pyrometer Instrument Company 
Taylor Instrument Companies 
Recording 

Brown Instrument Co. 

Leeds & Northrup Co. 

Taylor Instrument Companies 

Thermo-electric 
Immersion 
Bristol Company 
Brown Instrument Co. 

Charles Engelhard, Inc. 

Leeds & Northrup Co. 
Pyrometer Instrument Company 
Taylor Instrument Companies 
Wilson-Maeulen Company, Inc. 
Indicating 

Bristol Company 

Brown Instrument Co. 

Charles Engelhard, Inc. 

Leeds & Northrup Co, 

Taylor Instrument Companies 
Westinghouse Elec. & Mfg. Co 
Wilson-Maeulen Company, Inc. 
Recording and Controlling 
Bristol Company 

Brown Instrument Co. 

Charles Engelhard, Inc. 

Leeds & Northrup Co. 

Taylor Instrument Companies 
Wilson-Maeulen Company, Inc 
Surface Contact 

Bristol Company 

Brown Instrument Co. 

Charles Engelhard, Inc. 

Leeds & Northrup Co. 
Pyrometer Instrument Company 
Taylor Instrument Companies 


RADIO a. OSCILLA- 


General Radio Company 
RADIO SET ANALYZERS 

General Radio Company 

Jewell Electrical Instrument Co. 

Weston Electrical Inst. Corp. 
RADIO TUBE CHECKERS 

General Radio Company 

Jewell Electrical Instrument Co. 

Weston Electrical Inst. Corp. 
RADIO TEST PANEL 

Jewell Electrical Instrument Co. 

Weston Electrical Inst. Corp. 
REFRACTOMETERS 

Akatos, Inc. 

Bausch & Lomb Optical Co 

Spencer Lens Co. 


REGULATORS—See Controls 


RELAYS 
General Radio Co. 
Jewell Electrical [Instrument Co 
Leeds & Northrup Co. 
Westinghouse Elec. & Mfg. Co. 
Weston [Electrical Inst. Corp. 
REMOTE METERING EQUIP- 
MENT 


Bristol Company 

Brown Instrument Co. 

Leeds & Northrup Co 

Westinghouse Elec. & Mfg. Co 
RESISTANCES —Evectricat 

General Radio Co. 

Leeds & Northrup Co 

Spencer Lens Co. 
RHEOSTATS 

General Radio Co 

{ubicon Company 

Spencer Lens Co. 
ROTOSCOPE 


Commercial Engg. Labs. 


RUBBER TESTING INSTRU- 
MENTS 


H. Z. Schniewind 
SACCHARIMETERS 
Akatos, Inc. 
Bausch & Lomb Optical Co. 
- ncer Lens Co. 
laylor Instrument Companies 


SACCHROMETERS 
Tagliabue Mfg. Co., C. J 
SALINITY INDICATORS 
Rubicon Company 
SCALES 
Amthor Testing Instrument Co. 
Gaertner Scientific Corp. 
H,. Z. Schniewind 
SCRATCH HARDNESS TESTER 
SEISMOGRAPHS 
Akatos, Inc. 
SERVICE RECORDERS 
Ksterline-Angus Company 
SHUNT METERS 
SHUNTS 
Ksterline-Angus Company 
Jewelt Electrical Instrument Co. 
Leeds & Northrup Co. 
Rubicon Company 
Weston Electrical Inst. Corp 
SIGNALLING DEVICES —Auto- 
matic 
Brown Instrument Co. 
Stromberg Electric Co. 
SLIDE RULES 
SOIL PRESSURE CELLS 
SPECIAL INSTRUMENTS 
Burgess-Parr Co. 
Meriam Co. 
H. Z. Schniewind 
SPECIAL ELECTRICAL IN- 
STRUMENTS 
Brown Instrument Co. 
Charles Engelhard, Inc. 
i’sterline-Angus Company 
General Radio Co. 
Jewell Electrical Instrument Co. 
Leeds & Northrup Co. 
tawson Electrical Instrument Co. 
Rubicon Company 
Weston Electrical Inst. Corp. 
SPECIAL RECORDING DEVICES 
Ksterline-Angus Company 
SPECIFIC GRAVITY APPARATUS 
jas, 
American Meter Co. 
SPECTROGRAPHS 
Gaertner Scientific Corp. 
SPECTROSCOPES 
Akatos, Inc. 
Bausch & Lomb Optical Co 
Gaertner Scientific Corp 
Spencer Lens Co. 
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SPECTROPHOTOMETERS 
Akatos, Inc. 
Bausch & Lomb Optical Co 
Gaertner Scientific Corp 


SPEED INDICATORS 
See Tachometers 


SPEED RECORDERS 
Esterline-Angus Company 


STANDARD CELLS 
Weston Electrical Inst. Corp 


STEEL TAPES 


STOP WATCHES 
American Meter Co 


STRAIN GAUGE 


Southwark Fdry. & Mach. Co 


STRESS INDICATOR 


STROBOSCOPES 
Argco Laboratories, Inc. 
Commercial Engg. Labs 


SULPHUR DIOXIDE METERS 
Arrerican Meter Co 
Charles Engelhard, Inc. 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 


SULPHUR DETERMINATION 
APPARATUS 
Burgess-Parr Co. 
lagliabue Mfg. Co., C. J 


SUNSHINE RECORDERS 
Charles Engelhard, Inc. 
Leeds & Northrup Co. 
Taylor Instrument Companies 


SUPERPRESSURE CATALYST 
EQUIPMEN 


SURGE RECORDERS 


ksterline-Angus Company 


SYNCHRONIZING FORKS 
Electrical 
General Radio Co. 
Leeds & Northrup Co. 


TACHOSCOPES 


brown Instrument Co. 


TACHOMETERS 
Amthor Testing Instrument Co. 
Bristol Company 
Brown Instrument Co. 
isterline-Angus Company 
lkoxboro Co. 
Jewell Electrical Instrument Co 
Leeds & Northrup Co, 
Pyrometer Instrument Company 
H. Z. Schniewind 
Herman H. Sticht & Company 
Westinghouse Kiec. & Mfg. Co 
Weston Electrical Inst. Corp. 
TELESCOPES 
Bausch & Lomb Optical Co. 
Gaertner Scientific Corp. 
TENSILE TESTERS FOR PAPER* 
WIRE, SHEETS, ETC. 
Amthor Testing Instrument Co. 
H, Z. Schniewind 


TENSIOMETERS 
American Paulin System, Inc. 
TENSOMETER (Huggenberger) 
Southwark Fdry. & Mach. Co. 


TESTERS, Gas 
American Meter Co 


TESTING MACHINE 


Universal 
H. Z. Schniewind 
Southwark Fdry. & Mach. Co 


TEXTILE TESTING IN- 
STRUMENTS 
H. Z. Schniewind 


THEODOLITES 
THERMO-JUNCTIONS (Electric) 


General Radio Co. 
Rawson Electrical Instrument Co 


THERMOMETERS 
Gas Filled 


Bristol Company 

Brown Instrument Co, 

Foxboro Co 

lagliabue Mfg. Co., C. J. 

laylor Instrument Companies 
Mechanical 

American Meter Co. 

3rown Instrument Co 

Foxboro Co 

Tagliabue Mfg. Co. C. J 
Mercurial 

Tagliabue Mfg. Co., C. J. 

Taylor Instrument Companies 
Resistance 

Brown Instrument Co, 

Charles Engelhard, Inc. 

Leeds & Northrup Co. 

Wilson-Maeulen Co., Inc. 
Vapor-Tension 

Bristol Company 

srown Instrument Co, 

Foxboro Co. 

Tagliabue Mfg. Co., C. J. 

Taylor Instrument Companies 
Wet & Dry Bulb 

Bristol Company 

Brown Instrument Co. 

Charles Engelhard, Inc. 

Foxboro Co. 

Leeds & Northrup Co. 

lagliabue Mfg. “o., C. J. 

laylor Instrument Companies 


THERMOSTATS 
Bristol Company 
Brown Instrument Co 
Charles Engelhard, Inc. 
Foxboro Co. 
Minneapolis-Honeywell Co 
laylor Instrument Companies 
lagliabue Mfg. Co., C. J 


TIME OPERATION RECORD- 
ERS 


Bristol Company 
hsterline-Angus Company 
Foxboro Co. 

Tagliabue Mfg. Co., C. J. 


TIME RECORDERS 
Bristol] Company 
a Instrument Co. 
Ksterline-Angus Company 
Gaertner Scientific Corp. 
Foxboro Co. 


TIME SWITCHES 
Westinghouse Elec. & Mfg. 


TIME STAMPS—Automatic 
Stromberg Electric Co. 
TIME SYSTEMS—Electric 
Stromberg Electric Co. 


TIMERS 
Leeds & Northrup Co. 
Rawson Elec, Inst. Co. 
Stromberg Electric Co. 


TINTOMETER 


TORSIOGRAPH 
Lehmann & Michels 


TRANSFORMERS 
Ksterline-Angus Company 
General Radio Co. 


TRANSITS 
Engineer’s, Surveyors, Mine, 
Gaertner Scientific Corp. 
Pocket 
laylor Instrument Companies 


TUNING FORKS—Electrically 
Driven 
- reneral Radio Co. 
yaertner Scientific Corp 
Rubicon Company 


“U" TUBE MANOMETERS 
Amthor Testing Instrument Co 
Meriam Co. 


VACUUM RECORDERS 
Bristol Company 
Esterline-Angus Company 


VACUUM TUBE BRIDGES 


General Radio Company 


VALVES 


Automatic Shut Off 
Bristol Company 
Brown Instrument Co 
Charles Engelhard, Inc. 
Foxboro Co. 
Tagliabue Mfg. Co., C. J 
Balanced 
Brown Instrument Co 
Foxboro Co. 


Diaphragm 
Bristol Company 
| oxboro Co. 
lagliabue Mfg. Co., C. J. 
laylor Instrument Companies 


Electrically Operated 
Bristol Company 
Brown Instrument Co 
Charles E ngelhi ard, Ine. 
Foxboro ( ‘0. 


Reducing 
Foxboro Co, 
Tagliabue Mfg. Co., C. J 


Regulating 
Brown Instrument Co. 
Charles E ngelhs ard, Inc. 
Foxboro Co. 
Minneapolis Honeywell Co 
l'agliabue Mfg. Co., C. J. 
Taylor Instrument Companies 


Safety, Fuel Shut-off 
Minneapolis-Honeywell Co. 
Tagliabue Mfg. Co., C. J. 

VENTURI METERS 
Brown Instrument Co. 
Foxboro Co. 


VIBROGRAPH 
Commercial Engg. Labs. 
Lehmann & Michels 


VIBROMETER—DAVEY 
Commercial Engg. Labs. 


VIBROSCOPE 
Commercial Engg. Labs. 


VISCOSIMETERS 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 


VISCOSITY TUBES 


VOLTAGE DIVIDERS 
General Radio Co. 



































June, 193 





VOLT-AMMETERS 
Esterline-Angus Company 
Jewell Electrical Instrument Co 
Westinghouse Elec. & Mfg. Co. 
Weston Electrical Inst. Corp. 


VOLTMETERS 


Indicating 
General Radio Co. 
Jewell Electrical Instrument Co. 
Leeds & Northrup Co. 
tawson Electrical Instrument Co 
Westinghouse Elec. & Mfg. Co. 
Weston Electrical Inst. Corp 


INSTRUMENTS 


Recording 
Bristol Company 
Esterline-Angus Company 
Leeds & Northrup Co 
Westinghouse Elec. & Mfg. ¢ 

Ther.nionic, Oxide Rectifers 
Gereral Radio Co. 

WATER METERS 
Foxboro Co 


WATER & SEDIMENT APPA- 
RATUS 


Tagliabue Mfg. Co., C. J 
WATTHOUR METERS 
Westinghouse Elec. & Mfg. ( 


WATTMETERS 
Indicating 


Jewell Electrical Instru t 
Rawson Electrical Instrument ¢ 
Westinghouse EI & Mfg. ¢ 


Weston Electrical Inst. Cor; 


Recording 
Bristol Company 
KEsterline-Ang Con 
WAVEMETERS 


General Radio ‘ 
WAX MELTING APPARATU 5 


lagliabue Mfg. ‘ C.J 















parators 


Gauges—Autor 
Sen 
inform 


Halftonometers 


B.C.AMES CO., Waltham, Mass. 


Detroit Office, 902 Stephenson Bidg. 


Ames Micrometer Gauges 


for speed and extreme accuracy 


For almost every testing and measuring re 
quirement—Precision Instruments for laboratory 
use — Upright Dial Gauges—Thickness Gauges 
Dial Gauge Heads— Pocket Gauges Com- 

Densimeters Lens Measures 


Paper Gauges 
notive Gauges. 


d for complete 
ation obout them 


Rubber 
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LI , SECTI " 
INDEX CARD SECTION a 
A file card index will be a valuable asset. It is suggested that this index information be cut out f { 
You will then } 


mounted on cards, and tiled in your desk or in a file box on top of your desk. 
have within easy reach an index of instrument intormation of incalculable value. | 











THe Merric Question 
FREDERIC L. ROAERTS, INSTRUMENTS, Vol. 3, No.6, June 1930, pages 349-353 
A br . ' 


MEASUREMENT OF AIR FLOW 
E. OWER, INSTRUMENTS, Vol. 3, No. 6, June 1930, pages 355-358, 1 fig 


Chapter \ Th xth installment of a series. It is a pt 


| —— ~€ 


MEASUREMENTS—INDUsTRIAL & SciENTIPIC 
DR. WALTER BLOCK, INSTRUMENTS, Vol. 3, No. 6, June 1930, pages 359-368, ¢ 
figs 
Chapter IV is devoted to the measuret 


Tue ENcrIneer’s HANDBOOK oF INDUSTRIAL INSTRUMENTS 


M. F. BEHA R, INSTRUMENTS, Vol. 3, No. 6, June 1930, pages 369-366, 24 figs j 
Chapter II, Part 5—Temperature Recorders. The following points are discussed: Advanta fr i 

assiication of temperature f rder hart hart scales and hart sj 
portal N f har 5 
' 








New! 


Don’t buy that high-range insulation 

testing outfit until you get details on f 
the New Paragon constant-pressure i 
Megohmer. Available in ranges 

from 0-1,000 megohms to 6-10,000 

megohms with generators rated 400 

to 2,500 volts D. C. 


mn Ste 


Herman H. Sticht & Co. 


21 PARK ROW, NEW YORK, N.Y. 























Thermometers and Hydrometers Control of Temperature 
Industrial. Scientific Pressure, Level, Flow, Etc. ) 
Prices on Request on 

omaetk Automatic Temperature i, a 






Contro! Co., Inc. 
Philadelphia Penna 


FR. FLEISCHHAUER & SON 


! Suits 
8936-187 Place __ Hollis. N.Y. 























When writing to the above companies, please mention INSTRUMENTS ep 
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More than an Instrument 


Pyrometers 
Psaychrometers 
Thermometers 
Regulators 
Recorders 
Barometers 
Saccharimeters 
Sphygmomamometers 
Altimeters 
Hygrometers 
Anemometers 
Hydrometers 


Compasses 
And many others 


Write for Catalogs 


THE SIXTH 


HERE is something more to a Tycos In- 
strument than the metal you see . . . some 
thing more than the levers and coils and mercury 
inside its trim case. 
There is expert selection of material, skill in de 
sign, care in manufacture. These, backed by 78 
years” experience 1n manufacturing quality iF 
struments, give the dependability, accuracy and 
sturdiness that have made Tycos Instruments 
famous. 
They are a part of every Tycos Instrument 
you buy. 


Taylor Instrument Companies 


ROCHESTER,N. Y., U.S.A. 


CANADIANPLANT MANUFACTURING DISTRIBUTOR 
TYCOS BUILDIN AT BRITAIN 
TORONTO HORT N LTD.. LONDON 





SENSE OF Luo Ue kr RY 


Tycos Tem erature Instruments 


met ec CATING 


RECORDING ~ CONTROLLING 








Fie ee I i es, Rr 








WET GAS PRESS 


Above: Panel Board grouping showing portion of the twenty seven Bristol’s Recorders in lat 
Pennsylvania Oil Refining Plant. 


Bristol’s Recording Instruments 
Arranged for Flush Mounting .. ! 


ITH the present trend toward centralized con- 

trol, instrument panels reveal a_ decide 
tendency to “dress up.” The modern board em 
bodies not alone mechanical efficiency and conven 
ience, but also a nicety of arrangement which invites 
the most critical inspection. 


In line with this tendency it is but natural that dis 
cerning engineers in hundreds of plants are specify 
ing Bristol’s Flush Type Recording Instruments 
As shown in the accompanying illustrations, such 
instruments present a clean-out, attractive appear 
ance—conveniently accessible for reading, changing 
charts, routine inspection, etc. 


| 


Case construction is dust-proof, fume-proof at 
moisture-proof. Single or multiple pens can 
furnished to suit installation conditions. The in 
inverted penarm arrangement is standard. 


And, of course, all instruments carry the | 
Bristol’s guarantee against mechanical defects 


Have Bristol’s Service Engineers explain in gr 
detail the increased efficiency and savings atten 
Side view of Briol’s 2-Pea Re with correct instrument applications. Ther 
cording Gauge Model 43, which obligation. 
shows method of arranging instru 
ment for flush mounting. 


The Bristol Company, Waterbury, Conn. 


Boston Philade' phia Akron Chicago St. Louis San Fr 
New York Pittsburgh Detroit Birmingham Denver Los Ar 





